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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a pigment-sensitized photoelectric 
conversion element with excellent photoelectric conversion efficiency 
and to provide a photoelectric conversion element using a flexible 
backingand a photoelectric conversion element with high energy recovery 
efficiency required for its manufactureand a photoelectric cell using 
the same. 

SOLUTION: The photoelectric conversion element and the photoelectric 
cell are formed by using a semiconductor particulate film made by any or 
a combination of; irradiating semiconductor particulates with 
ultraviolet rays of 400 nm or lessheating them to 50° C or higher but 
lower than 350° Cputting them under a reduced pressure to 0. 05 MPa or 
lessirradiating them with microwaveirradiating them with infrared rays 
absorbed at least by water moleculesexposing them to a high electric 
f ieldexposing them to a high magnetic fieldpassing a high current 
through themexposing them to an oxidizing or reducing atmosphereexposing 
them to an ozone atmosphereand making them coexist with a semiconductor 
particulate precursor. 



CLAIMS 



[Claim(s) ] 

[Claim l]An optoelectric transducer producing by a method including a 
process which this semiconductor corpuscle film irradiates with 
ultraviolet radiation with a wavelength of 400 nm or less to which a 
semiconductor particulate has absorption under coexistence of a 
semiconductor particulate and a semiconductor particulate precursor in 
an optoelectric transducer using a semiconductor corpuscle film. 
[Claim 2] An optoelectric transducer producing by a method including a 
process of irradiating with ultraviolet radiation with a wavelength of 
400 nm or less on which a process and a semiconductor particulate in 
which this semiconductor corpuscle film heats a semiconductor 
particulate at not less than 50 less than 350 ** have absorption in 
an optoelectric transducer using a semiconductor corpuscle film. 
[Claim 3] An optoelectric transducer producing by a way this 
semiconductor corpuscle film includes a process of heating a 
semiconductor particulate at not less than 50 less than 350 ** under 
atmospheric pressure of 0. 05 or less MPain an optoelectric transducer 
using a semiconductor corpuscle film. 

[Claim 4]An optoelectric transducerwherein this semiconductor corpuscle 
film is produced in an optoelectric transducer using a semiconductor 
corpuscle film by a method including a process of irradiating a 
semiconductor particulate with microwave. 

[Claim 5] An optoelectric transducer to which this semiconductor 
corpuscle film is characterized by producing a water molecule by a 
method including a process of irradiating a semiconductor particulate 
with infrared rays with absorption in an optoelectric transducer using a 
semiconductor corpuscle film. 

[Claim 6] An optoelectric transducer- whichas for a semiconductor 
particulate which forms this semiconductor corpuscle filmthe particle 
diameter contains a not less than 10-nm thing and a thing below 10 nm in 
an optoelectric transducer of claims l-5and is characterized by things. 
[Claim 7] An optoelectric transducer making a semiconductor particulate 
precursor live together in an optoelectric transducer of claims 2-6 when 
producing said semiconductor corpuscle film. 

[Claim 8]An alkoxide compound of metal in which said semiconductor 
particulate precursor constitutes this semiconductor in an optoelectric 
transducer of claim 1 or 7An optoelectric transducerwherein it 
hydrolyzes completely selectively a compound containing a halogenide or 
a basis which can be hydrolyzed and they polymerize completely 
selectively. 

[Claim 9] An optoelectric transducerwherein sensitization of the 



semiconductor corpuscle film is carried out with coloring matter in an 
optoelectric transducer of claims 1-8. 

[Claim 10]An optoelectric transducer characterized by semiconductor 
particulates being titanium oxidea zinc oxidetin oxidetungstic 

oxideniobium oxideiron oxidetitanic acid alkaline-earth metalstitanic 
acid alkaline metalsor these composites in an optoelectric transducer of 
claims 1-9. 

[Claim ll]An optoelectric transducer which provides a semiconductor 
corpuscle film on a polymer substrate in an optoelectric transducer of 
claims 1-lOand is characterized by things. 

[Claim 12]A photoelectric cell using an optoelectric transducer of 
claims 1-11. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the photoelectric cell 
using the optoelectric transducer and this which used the particle 
semiconductor. It is related with the optoelectric transducer and 
photoelectric cell by which sensitization was especially carried out 
with coloring matter. 
[0002] 

[Description of the Prior Art]Now photovoltaics A single-crystal-silicon 
solar cella polycrystalline silicon solar cell Improvement of compound 
solar cellssuch as an amorphous-silicon solar cellcadmium tellurideand 
indium selenide copperserves as the prime art of utilizationand the 
generation efficiency around 10% is acquired as sunlight energy 
conversion efficiency. Howeverwhen spreading these towards the futurean 
energy payback time needs to conquer problemslike it is long for that 
the energy cost concerning raw material manufacture is highand the 
environmental impact to commercial production is largeand a user. For 
this reasonalthough many photoelectric cells which used organic 
materials also with easy large-area-izing as photosensitive materials 
replaced with silicon had so far been proposed aiming at low- 
pricingthere was a problem that an energy conversion efficiency was as 
low as 1% or lessand endurance was also bad. Material and production 
technology required for the optoelectric transducer and photoelectric 
cell using the semiconductor particulate by which sensitization was 
carried out to Nature (the 353rd volumethe 737-740th pagel99l)a U.S. Pat. 



No. 4927721 itemetc. with coloring matterand this production in such a 
situation were indicated. The proposed cell is a wet solar cell which 
uses as a work electrode the titanium dioxide porous thin film by which 
spectral sensitization was carried out with the ruthenium complex. Since 
the first advantage of this method can be used without the necessity of 
refining cheap oxide semiconductorssuch as a titanium dioxideto a high 
gradelt is a point which can be provided as a cheap optoelectric 
transducerabsorption of the coloring matter used for the second is 
broadclothand it is that sunlight is convertible for the electrical and 
electric equipment over the wavelength band of large visible light. 
Howeversince an elevated temperature which exceeds 400 ** although a 
titanium dioxide porous thin film is created was used and the flexible 
base material using polymer etc. was not able to be used while use of a 
photoelectric cell spreadsthere was a problem to which a use is limited. 
There was also much amount of the energy usedinf luence on environment 
also became largeand it was a problem to use an elevated temperature. 
[0003] 

[Problem (s) to be Solved by the Invention] The purpose of this invention 
is to provide the photoelectric cell using an optoelectric transducer 
and it excellent in the energy conversion efficiency. It is in providing 
the optoelectric transducer using a flexible base materialand the 
photoelectric cell using it. It is in providing an optoelectric 
transducer with high energy-recovery efficiency with little energy 
expenditure required for manufactureand the photoelectric cell using it. 
[0004] 

[Means for Solving the Problem]A technical problem of this invention was 
attained by a matter of the following which specifies this inventionand 
its desirable mode. 

(1) An optoelectric transducer producing by a method including a process 
which this semiconductor corpuscle film irradiates with ultraviolet 
radiation with a wavelength of 400 nm or less to which a semiconductor 
particulate has absorption under coexistence of a semiconductor 
particulate and a semiconductor particulate precursor in an optoelectric 
transducer using a semiconductor corpuscle film. 

(2) In an optoelectric transducer using a semiconductor corpuscle film 
this semiconductor corpuscle filmAn optoelectric transducer producing by 
a method including a process of irradiating with ultraviolet radiation 
with a wavelength of 400 nm or less on which a process and a 
semiconductor particulate which heat a semiconductor particulate at not 
less than 50 ** less than 350 ** have absorption. 

(3) An optoelectric transducer producing by a way this semiconductor 



corpuscle film includes a process of heating a semiconductor particulate 
at not less than 50 ** less than 350 ** under atmospheric pressure of 
0.05 or less MPain an optoelectric transducer using a semiconductor 
corpuscle film. 

(4) An optoelectric transducerwherein this semiconductor corpuscle film 
is produced in an optoelectric transducer using a semiconductor 
corpuscle film by a method including a process of irradiating a 
semiconductor particulate with microwave. 

(5) An optoelectric transducer to which this semiconductor corpuscle 
film is characterized by producing a water molecule by a method 
including a process of irradiating a semiconductor particulate with 
infrared rays with absorption in an optoelectric transducer using a 
semiconductor corpuscle film. 

(6) Optoelectric transducer whichas for a semiconductor particulate 
which forms this semiconductor corpuscle filmthe particle diameter 
contains a not less than 10-nm thing and a thing below 10 nm in an 
optoelectric transducer of (l) - (5) and is characterized by things. 

(7) Optoelectric transducer making a semiconductor particulate precursor 
live together in an optoelectric transducer of (2) - (6) when producing 
said semiconductor corpuscle film. 

An alkoxide compound of metal in which said semiconductor particulate 
precursor constitutes this semiconductor in an optoelectric transducer 
of (8) (l)or (7)An optoelectric transducerwherein it hydrolyzes 
completely selectively a compound containing a halogenide or a basis 
which can be hydrolyzed and they polymerize completely selectively. 

(9) Optoelectric transducerwherein sensitization of the semiconductor 
corpuscle film is carried out with coloring matter in an optoelectric 
transducer of (l) - (8). 

(10) Optoelectric transducer characterized by semiconductor particulates 
being titanium oxidea zinc oxidetin oxidetungstic oxideniobium oxideiron 
oxidetitanic acid alkaline-earth metalstitanic acid alkaline metalsor 
these composites in an optoelectric transducer of (1) - (9). 

(11) Optoelectric transducer which provides a semiconductor corpuscle 
film on a polymer substrate in an optoelectric transducer of (l) - 
(10) and is characterized by things. 

(12) Photoelectric cell using an optoelectric transducer of (l) - (11). 
[0005] 

[Embodiment of the Invention] [l] As preferably shown in drawing I the 
optoelectric transducer of optoelectric-transducer this inventionit 
laminates in order of the conductive layer lOthe photosensitive layer 
20the charge transfer layer 30and the counter electrode conductive layer 



40Said photosensitive layer 20 consists of the charge transporting 
materials 23 which permeated the opening between the semiconductor 
particulate 21 by which sensitization was carried out with the coloring 
matter 22and the semiconductor particulate 21 concerned (mutuallythe 
semiconductor particulate 21 contactsis connected and forms the porous 
film). The charge transporting material 23 consists of the same 
ingredient as the material used for the charge transfer layer 30. In 
order to give intensity to an optoelectric transducerthe substrate 50 
may be formed as a ground of the conductive layer 10 and/or the counter 
electrode conductive layer 40. In this inventionthe layer which consists 
the layer which consists of the conductive layer 10 and the substrate 50 
which it is arbitrary and is formed of a '^conductive substrate^'the 
counter electrode conductive layer 40and the substrate 50 it is 
arbitrary and is formed is called a "^counter electrode'' below. The 
conductive layer 10 in drawing Ithe counter electrode conductive layer 
40and the substrate 50 may be the transparent conductive layer lOathe 
transparent counter electrode conductive layer 40aand the transparent 
substrate 50arespectively. It is the photoelectric cell which was made 
in order to connect this optoelectric transducer to external load and to 
do electric work (power generation) and it is the photosensor which was 
made for the purpose of sensing of optical information. The case where 
call a photoelectrochemical cell especially the case where the charge 
transporting material 23 mainly consists of ion transport material among 
photoelectric cellsand power generation by sunlight is made into a key 
objective is called a solar cell. 

[0006] In the optoelectric transducer of this invention shown in drawing 
^coloring matter 22 grade is excitedthe electron of the high energy in 
the excited coloring matter 22 grade is passed to the conducting zone of 
the semiconductor particulate 21and the light which entered into the 
photosensitive layer 20 containing the semiconductor particulate 21 by 
which sensitization was carried out with the coloring matter 22 reaches 
the conductive layer 10 by diffusion further. At this timethe molecule 
of the coloring matter 22 grade serves as an oxidant. In a photoelectric 
cellwhile the electron in the conductive layer 10 works in an external 
circuitit returns to the oxidant of coloring matter 22 grade through the 
counter electrode conductive layer 40 and the charge transfer layer 
30and the coloring matter 22 is reproduced. The photosensitive layer 20 
works as a negative electrode (optical anode) and commits the counter 
electrode 40 as an anode. On the boundaries (for examplethe boundary of 
the conductive layer 10 and the photosensitive layer 20the boundary of 
the photosensitive layer 20 and the charge transfer layer 30the boundary 



of the charge transfer layer 30 and the counter electrode conductive 
layer 40etc. ) of each layerthe constituents of each class may be 
carrying out diffusive mixing mutually. Each class is explained in 
detail below. 

[0007] (a) a conductive substrate conductive substrate consists of the 
monolayer of (1) conductive layer or (2) conductive layersand two-layer 
[ of a substrate ]. In the case of (l)the material that intensity and 
sealing performance are fully maintained as a conductive layer is 
usedfor examplea metallic material can be used. In the case of (2) the 
substrate which has a conductive layer which contains a conducting agent 
in the photosensitive layer side can be used. As a desirable conducting 
agentmetal carbon (for 

exampleplatinumgoldsilvercopperzinctitaniumaluminumindiumetc. )or 
conductive metallic oxide (what doped fluoride or antimony to an indium 
tin multiple oxide and the tin oxide) is mentioned. As for the thickness 
of a conductive layerabout 0.02-10 micrometers is preferred. 
[0008]A conductive substrate is so good that surface resistance is low. 
The range of desirable surface resistance is below 50ohms / **and is 
below 20ohms / ** still more preferably. 

[0009]As for a conductive substratewhen irradiating with light from the 
conductive substrate sideit is preferred that it is substantially 
transparent. That it is transparent means substantially that the 
transmissivity of light is on 10%it is preferred that it is not less 
than 50%and especially not less than 80% is preferred. 
[0010]What formed the transparent conductive layer which consists of 
conductive metallic oxide in the surface of transparent substratessuch 
as glass or a plasticby spreading or vacuum evaporation as a transparent 
conductive base material is preferred. A thing desirable as a 
transparent conductive layer is diacid-ized tin or the indium tin 
oxidation thing (ITO) which doped fluoride or antimony. A transparent 
polymer film besides glass substratessuch as advantageous soda glass and 
alkali free glass without the influence of alkaline elutioncan be used 
for a transparent substrate in respect of low cost and intensity. As a 
material of a transparent polymer filma tetraacetyl cellulose 
(TAC) Polyethylene terephthalate (PET) polyethylenenaphthalate 
(PEN)Syndiotactic poly sterene (SPS)a polyphenylene sulfide (PPS) There 
are polycarbonate (PC)polyarylate (PAr)polysulfone (PSF) polyester 
sulfone (PES)polyether imide (PEI)cyclic polyolef inbromine-ized 
phenoxyetc. As for the coverage of conductive metallic oxidein order to 
secure sufficient transparencyit is preferred to consider it as per 
[ base material Im^ of glass or a plastic / 0. 01-lOOg ]. 



[0011] It is preferred to use a metal lead in order to lower resistance 
of a transparent conductive base material. The construction material of 
a metal lead has preferred raetalsuch as 

platinumgoldnickeltitaniumaluminumcopperand silver. As for a metal 

leadit is preferred to install in a transparent substrate by vacuum 
evaporationsputteringetc. and to provide on it the transparent conductive 
layer which consists of the conductive tin oxide or ITO film. The fall 
of the incident light quantity by metal lead installation may be 1 to 5% 
more preferably less than 10%. 

[0012] (B) In a photosensitive layer photosensitive layera semiconductor 
acts as a photo conductorabsorbs lightperforms charge separationand 
produces an electron and an electron hole. In the semiconductor by which 
dye sensitizing was carried outgenerating of optical absorptionthe 
electron by thisand an electron hole takes place mainly in coloring 
matterand a semiconductor particulate receives this electron (or 
electron hole) and bears the role to transmit. As for the semiconductor 
used by this inventionit is preferred that it is an n-type semiconductor 
which gives anode current by a conductor electron serving as a carrier 
under optical pumping. 

[0013] (1) An element semiconductor like silicon and germanium as a 
semiconductor semiconductor particulatethe chalcogenide (for examplean 
oxide and a sulfide.) of an III-V system compound semiconductor and 
metal Compounds (for examplestrontium titanatetitanic acid 
calciumtitanium sodiumbarium titanatepotassium niobateetc. ) etc. which 
have a perovskite structuresuch as a selenidecan be used. 
[0014]As desirable metal being chalcogenidetitaniumtinzincirontungstenA 
zirconiumhafniumstrontiuraindiumceriumThe oxide of yttriuraa 
lanternvanadiuraniobiuraor tantalumcadmiumzincleadsilverantimony or the 
sulfide of bismuthcadmium or a leaden selenidethe telluride of 
cadmiumetc. are mentioned. As other compound semiconductorsthe selenide 
of phosphidessuch as zincgalliumindiumand cadmiumgallium arsenideor 
copper-indiumthe sulfide of copper-indiumetc. are mentioned. 
[0015]The desirable example of the semiconductor used for this invention 
SiTi02Sn02Fe203W03ZnONb205CdSZnSPbSBi2S3CdSeCdTeGaPInPGaAsCuInS2Are CuInSe2 
etc. and more preferably Ti02ZnOSn02Fe203W03or Nb2050r it is titanic acid 
alkaline-earth metals or a titanic acid alkaline metalis Ti02ZnOSn02or 
NbgOg especially preferablyand is TiOg most preferably. These 
semiconductors may be used independently and may be used as composites 
(a mixturea mix crystala solid solutionetc. ) . 

[0016]A single crystal or polycrystal may be sufficient as the 
semiconductor used for this invention. Although the single crystal from 



a viewpoint of conversion efficiency is preferredfrom viewpoints of a 
manufacturing costraw-material reservationan energy payback 
timeetc. polycrystal is preferred and especially the porous membrane that 
consists of semiconductor particulates is preferred. 

[0017] Although the particle diameter of a semiconductor particulate is 
generally an order of nm-mu mas for the mean particle diameter of the 
primary particle for which it asked from the diameter when the project 
area was converted into the circleit is preferred that it is 5-200 nmand 
its 8-100 nm is more preferred. It is preferred that the particle with a 
particle diameter of not less than 10 nm and the particle with a 
particle diameter of 10 nm or less are contained in this invention. As 
for the mean particle diameter of the semiconductor particulate 
(aggregated particle) in dispersion liquidO. 01-30 micrometers is 
preferred. 

[0018]Two or more kinds of particles from which particle size 
distribution differs may be mixedand it is preferred that the average 
size of small particles is 10 nm or less in this case. Particle diameter 
is bigfor exaraplean about 300-nm semiconductor particle may be mixed in 
order to scatter incident light and to raise an optical capturing rate. 
[0019]As a method of producing a semiconductor particulateSumio 
Sakuhana' s company of the ^'science of sol-gel method^' AGUNE ** style 
(1998) A sol-gel method given in "the thin-layer-coating art by a sol-gel 
method" (1995) etc. of TECHNICAL INFORMATION INSTITUTEcoraposition of the 
monodisperse particle by the new synthetic method gel method and 

size gestalt controlof Tadao Sugimoto — wait — ****the 35th volumeNo. 
9and the gel method of a 1012-1018 pages (1996) statement are 

preferred. The method of producing an oxide for the chloride which 
Degussa developed by elevated-temperature hydrolysis in an acid water 
matter salt is also preferred. 

[0020]When a semiconductor particulate is titanium oxideeach of above- 
mentioned sol-gel methodsgel methodsand elevated-temperature 
hydrolysis methods in the inside of the acid water matter salt of a 
chloride is preferredbut the sulfuric acid method and chlorine method of 
a statement can also be further used for Manabu Seino' s ''titanium oxide 
physical-properties and applied-technology" Gihodo Shuppan (1997). 
Furthermoreas a sol-gel methodthe method of the journal OBU American 
ceramic society of Barbe and othersthe 80th volumeNo. 12and a 3157-3171 
pages (1997) statementThe method of chemistry OBU MATERIARUZU of 
Burns ide and othersthe 10th volumeNo. 9and a 2419-2425~page statement is 
also preferred. 

[0021]Although titanium oxide mainly has an anatase type and two kinds 



of rutile type crystal formsin this inventionits anatase type is 
preferred. In the case of both mixturethe one where an anatase type 
content is higher is preferredand it is still more preferred that it is 
not less than 80%. It can ask for an anatase content with an X-ray 
diffraction methodand can ask for it from the ratio of the diffraction 
peak intensity originating in anatase and rutile. 

[0022] (2) In order to apply a semiconductor corpuscle film semiconductor 
particulate on a conductive substratethe above-mentioned sol-gel method 
other than the method of applying the dispersion liquid or the colloidal 
solution of a semiconductor particulate on a conductive substrateetc. 
can also be used. When fertilization of an optoelectric transducerthe 
physical properties of semiconductor particulate liquidthe flexibility 
of a conductive substrateetc. are taken into considerationthe wet film 
production method is comparatively advantageous. As the wet film 
production methodthe applying method and print processes are typical. 
[0023]As carrier fluidwater or various kinds of organic solvents (for 
examplemethanolethanolisopropyl 

alcoholdichloromethaneacetoneacetonitrileethyl acetateetc. ) are 
mentioned. In the case of distributionpolymer like a polyethylene 
glycola surface-active agentacidor a chelating agent may be used as a 
distributed auxiliary agent if needed. Since the semiconductor layer 
which regulation of the viscosity of dispersion liquid is attained and 
does not separate further easily due to changing the molecular weight of 
a polyethylene glycol can be formed or the voidage of a semiconductor 
layer can be controlledit is preferred to add a polyethylene glycol. 
[0024]The layer of a semiconductor particulate can carry out multilayer 
spreading of the dispersion liquid of a semiconductor particulate with 
which not only a monolayer but particle diameter is differentor can also 
carry out multilayer spreading of the coating layer containing the 
semiconductor particulate (or a different binderaddit ive agent) from 
which a kind differs. Also when thickness is insuf f icientmultilayer 
spreading is effective at one-time spreading. The extrusion method or 
the slide hopper method is suitable for multilayer spreading. When 
carrying out multilayer spreadinga multilayer may be applied 
simultaneouslyand two coats may be given one by one about ten times from 
several times. If it is two coats further one by onescreen printing can 
also be used preferably. 

[0025] Since the support pigment quantity per unit project area increases 
so that the thickness (it is the same as the thickness of a 
photosensitive layer) of a semiconductor particle layer generally 
becomes thickthe capturing rate of light becomes highbut since the 



generated diffusion length of electron increasesthe loss by electric 
charge recombination also becomes large. Thereforethe desirable 
thickness of a semiconductor particle layer is 0. 1-100 micrometers. When 
using for a solar cellas for the thickness of a semiconductor particle 
layerl-30 micrometers is preferredand its 2-25 micrometers are more 
preferred. As for the base material Im^ per coverage of a semiconductor 
particulateO. 5-lOOg are preferredand 3~50g are more preferred. 
[0026]The semiconductor particulate has made the function as a 
semiconductor corpuscle film reveal by the former "^calcination'Vhen 
using as a component of an optoelectric transducer. Namelyby carrying 
out heating at high temperatureaf ter making particles into a laminating 
condition by the aforementioned spreading etc. Conductivity is made to 
reveal by uniting between [ a part of ] particlesand the discard on the 
surface of a particle is removedadsorption and combination of the 
sensitizing dye which is the following process by being activated are 
promotedand the photoelectron injection efficiency to particles is 
raised from sensitizing dye. Howeverin this ''calcination"it needed to 
heat at a not less than 400 ** elevated temperature. (Although it 
changed with presentations of a semiconductor particulateheating above 
450 ** in TiOg was preferred). 

[0027] In this inventionin order to make this calcination state 
revealwithout heating at an elevated temperatureit is independent or the 
following methods are used or more combining two. 

(1) Heat a semiconductor particulate at not less than 50 ** less than 
350 

(2) A semiconductor particulate irradiates a semiconductor particulate 
with ultraviolet radiation with a wavelength [ with absorption ] of 400 
nm or less. 

(3) Irradiate a semiconductor particulate with microwave. 

(4) A water molecule irradiates a semiconductor particulate with the 
infrared rays containing wavelength with absorption at least. 

(5) Decompress a semiconductor particulate under the atmospheric 
pressure of 0. 05 or less MPa. 

(6) Set a semiconductor particulate under ozone atmosphere. 

(7) Set a semiconductor particulate under oxidation or a reducing 
condition. 

(8) Set a semiconductor particulate under a high electric field. 

(9) Set a semiconductor particulate under a high magnetic field. 

(10) Send high electric current through a semiconductor particulate. 

(11) Make a semiconductor particulate precursor live together in a 
semiconductor particulate. 



[0028]That isa certain energy is supplied to particlesand a substance 
must make it have to move to a particle indirect touch spot by surface 
diffusiongrain boundary dif fusionetc. and must make a neck (contact 
portion of particles) form in it for fusion between particles. 
Generation of heat (10) by resistance in the semiconductor itself and a 
grain boundary is effective by sending giving energy ( (2) (3) (4) (8) (9) ) 
by electromagnetic waves other than (l) which gives thermal energy as 
this energyand high electric current. (5) which promotes evaporation 
with decompression besides (l) which performs the discard on the surface 
of a particle for evaporationdecompositionetc. with heating for removal 
and activation — things and the decomposition ((6) (7)) by a chemical 
reaction are also effective. In the case of particles with a 
photocatalyst function which generates powerful oxidation or a reduction 
kind by optical exposure like TiOg particlesit is also effective to 
carry out an optical exposure. In the case of TiOg particlesespecially 
the UV irradiation of (2) is effective. It is effective for diffusion 
and supply of a substanceor reduction of required energy to make the 
semiconductor particulate precursor of (11) live together under the 
above-mentioned monograph affairand although the semiconductor corpuscle 
film which has a photoelectric conversion function is formed more at low 
temperatureit is preferred. Although it is more desirable for heating of 

(I) to be an elevated temperature for fusion between the above-mentioned 
semiconductor particulatesit is as preferred as low temperature from a 
viewpoint of the tolerance in the case of using a polymer substrate. 
Thereforeas for the maximum of cooking temperatureSOO ** is preferredand 
it is still more preferred. [ of 250 ** ] As for the minimum of cooking 
temperatureSO ** is preferredand its 100 ** is still more preferred. 
[0029]As a desirable combination of the method of above-mentioned (1) - 

(II) It is preferred to combine the method ((1)(5) - (7)) for removal and 
activation for the method ((l) - (4) and (8) - (10)) for fusion between 
particles and the discard on the surface of a particleand it is 
preferred to combine (11) with these further. It is also effective to 
combine two or more [ of the method ((l)(5) - (7)) for removal and 
activation ] for 2 or more [ of the method ((l) - (4) and (8) - (10)) 
for fusion between particles ] and the discard on the surface of a 
particleand it becomes still more effective by combining them further. 
As an example of a desirable combination (l) +(2) (l)+ (3) (l) +(4) 

(l) + (5) (l) + (2) +(5) (4)+ (5) (2) +(4) +(5) (3)+ (5) (l) + (2)+ (6) (4) It is 
also preferred for (l) + (3) + (7) (l) + (8) (l) + (2) + (8) (l) + (2) + (8)+ (10) etc. 
to be mentionedand to combine (11) with these further. The combination 
for acquiring the above-mentioned effect is not limited to these. 



[0030] The combination process of the above-mentioned method may be 
simultaneously used to a semiconductor particulateand may be used 
continuously. That isit may perform (l) (l) after may perform (l) and 
(2) simultaneouslyperforming (2) in combination of + (2) after 
performing (l)or performing (l) after performing (2) and performing (l) 
and (2) simultaneously independentfor example. 

[003l]Super--hydrophilization of the particle surface may be carried 
outand it may be better not to use with the case where it is better to 
use for the last of a process depending on the purposeespecially 
concerning (2)when semiconductor particles are titanium oxide, 
similarlyespecially concerning (l)when semiconductor particles are 
titanium oxide contrary to (2)hydrophobing of the particle surface may 
be carried out — (2) — it may be better not to use with the case where 
it is better to use for the last of a process depending on the purpose 
similarly For exampleit is better for adsorptivity for a particle 
surface to be hydrophobicity in the case of especially hydrophobic 
coloring matter when adsorbing sensitizing dye on the semiconductor 
corpuscle film surface as a post process. Thereforeit is preferred to 
perform (back (1 of 2)) as the above-mentioned combination in this 
caseor to perform a (1)+ (back (1 of 2)) independent. 
[0032] It is [ anything ] good if the above-mentioned semiconductor 
particulate precursor of (11) is a precursor which becomes a 
semiconductor particulate with heating. When a semiconductor particulate 
is a metallic oxidea metal alkoxidea metal halogenidethe metallic 
compounds that have a basis which can be hydrolyzedetc. are mentioned as 
a precursor. With a proton or a hydroxyl groupif it is a replaceable 
basisalthough the basis which can be hydrolyzed here is goodit can 
mention an acyloxy groupalkoxy carbonyloxy groupa carbamoyloxy groupetc. 
preferably anything. What in part or all hydrolyzed the above-mentioned 
precursor metallic compoundsthe things which polymerized the 
hydrolyzateor those mixtures are also effective as a precursor. 
Especially the mixture that hydrolyzed the metal alkoxide or the metal 
halogenide selectively under acid or alkali conditionsand polymerized 
still more nearly selectively is rich in the reactivity in low 
temperatureand effective. As desirable acid in that casealthough 
chloride and nitric acid are mentionedchloride is the most preferred. As 
metalalthough it is preferred that it is the same as the base metal of 
the semiconductor particulate which is the main components of a 
semiconductor corpuscle filmthe other metal may be used. Titanium and 
silicon which happen at low temperature have especially effective 
hydrolysis and polymerization. The above-mentioned precursor may be used 



alone and may use together two or more sorts of things. 
[0033] It is the purpose of increasing the surface area of semiconductor 
particlesor raising the purity near the semiconductor particle after the 
above-mentioned baking treatmentand raising the electron injection 
efficiency from coloring matter to semiconductor particlesand 
electrochemical plating treatment using chemical plating and titanium 
trichloride solution using a titanium tetrachloride aqueous solution may 
be performedfor example. 

[0034]As for a semiconductor particle layerit is preferred to consider 
it as a porous membrane with large surface area so that much coloring 
matter can be adsorbed. For this reasonas for the surface area in the 
state where the semiconductor particle layer was painted on the base 
materialit is preferred that they are 10 or more times to a project 
areaand it is preferred that they are further 100 or more times. 
Although there is no restriction in particular in this maximumthey are 
usually about 1000 times. 

[0035] (3) The sensitizing dye used for a coloring matter photosensitive 
layer has absorption in a visible range or a near-infrared regionif it 
is a compound which can carry out sensitization of the semiconductorit 
can be arbitrarily used for itbut organometallic complex coloring 
mattermethine coloring matterporphyrin system coloring matteror 
phthalocyanine system coloring matter is preferred. Since the wavelength 
band of photoelectric conversion is made large as much as possible and 
conversion efficiency is raisedtwo or more kinds of coloring matter can 
be used together or mixed. In this casethe coloring matter used together 
or mixed and its rate can be chosen so that it may double with the 
target wavelength band and intensity distribution of a light source. 
[0036] As for such coloring matterit is preferred to have the suitable 
bond groups (interlocking group) which has adsorption capability to the 
surface of a semiconductor particulate. As desirable bond groupsa COOH 
groupan OH radicala SO3H basis-The chelation group which has pi 
conductivity like an acidic group like a P(0) (OH) 2 group or a -0P(0) 
(OH) 2 group or oximedioximehydroxyquinolinesalicylateor an alpha- 
ketoeno rate is mentioned. A COOH groupa -P(0) (OH) ^ groupor especially 
a -0P(0) (OH) 2 group is especially preferred. These bases may form the 
alkaline metal etc. and the saltand may form inner salt. If an acidic 
group is contained like [ in case a methine chain forms a squarylium 
ring and a crocodile NIUMU ring ] in the case of poly methine coloring 
matterit will be good also considering this portion as bond groups. 
[0037]Hereaf terthe desirable sensitizing dye used for a photosensitive 
layer is explained concretely. 



(a) When organometallic complex pigment color matter is metal complex 
coloring mattermetal-phthalocyanines coloring mattermetalloporphyrin 
coloring matteror ruthenium complex coloring matter is preferredand 
especially ruthenium complex coloring matter is preferred. As ruthenium 
complex coloring matterfor example A U.S. Pat. No. 4927721 itemsaid 
4684537 No. The complex pigment of a statement is mentioned to said 
5084365 No. said 5350644 No. said 5463057 No. said 5525440 No. JP7- 
249790APatent Publication Heisei No. 504512 [ ten to ]W0 98/No. 
50393JP2000-26487Aetc. 

[0038]The ruthenium complex coloring matter furthermore used by this 
invention is following general formula (I) : (Aj) pRu (B-a) (B-b) (B-c)... 
(I) 

It is preferred for it to be alike and to be expressed more. The ligand 
of Aj chosen from the group which expresses the ligand of 1 or 2 seats 
and consists of a derivative of ClSCNHsOBrlCNNCGSeCN and beta- 
diketonesoxalic acidand dithiocarbamic acid is preferred among general 
formula (1). p is an integer of 0-3. B-aB-band B-c are the following 
formulas B-1 to B-10 independentlyrespectively. : [0039] 
[Formula l] 

[0040] (Howeverif Rg expresses a hydrogen atom or a substituent and 
considers it as a substituent. ) The alkyl group which is not replaced 
[ substitution with a halogen atom and 1-12 carbon atomsor ]The aryl 
group which is not replaced [ substitution with the aralkyl group which 
is not replaced / substitution with 7-12 carbon atomsor / or 6-12 carbon 
atomsor ]A carboxylic acid group and a phosphate group (the acid radical 
of these may form the salt) are mentionedStraight chain shape or 
branched state may be sufficient as the alkyl part of an alkyl group and 
an aralkyl groupand a monocycle or polycyclic (a condensed ringa ring 
set) may be sufficient as the aryl portions of an aryl group and an 
aralkyl group. The organic ligand chosen from the compound expressed is 
expressed. B-aB-band B-c may be the sameor may differ from each otherand 
any one or two may be sufficient as them. 

[004l]Although a desirable example of organometallic complex coloring 
matter is shown belowthis invention is not limited to these. 
[0042] 
[Formula 2] 



[0043] 



[Formula 3] 



[0044] 
[Formula 4] 

[0045] 
[Formula 5] 

[0046] (b) Methine coloring matter with preferred coloring matter used 
for methine coloring matter this invention is poly methine coloring 
mattersuch as cyanine dyemerocyanine dyeand SUKUWARIRIUMU coloring 
matter. An example of poly methine coloring matter preferably used by 
this inventionJPll-35836AJPll-67285AJPll-86916AThey are JP11-97725AJP11- 
158395AJPll-163378AJPll-214730AJPll-214731AJPll-238905AEuropean patent 
No. 892411and coloring matter given in each the 911841 No. specification. 
[0047] (4) In order to make coloring matter stick to an adsorption 
semiconductor particulate of coloring matter to a semiconductor 
particulatea method of immersing a conductive substrate which has the 
semiconductor particle layer dry well in a solution of coloring matteror 
applying a solution of coloring matter to a semiconductor particle layer 
can be used. In the case of the formerit is usable in dip coatinga dip 
methodthe roller methodthe air knife methodetc. In the case of dip 
coatingadsorption of coloring matter may be performed at a room 
temperatureand it may carry out by carrying out heating flowing back as 
indicated to JP7-249790A. Latter coating methods include the wire bar 
methodthe slide hopper methodthe extrusion methodthe curtain methodspin 
methoda spray methodetc. one desirable as a solvent which dissolves 
coloring matter — alcohols (methanol.) nitril (acetonitrile. ) such as 
ethanolt-butanoland benzyl alcohol Nitromethanessuch as propionitrile 
and 3-methoxy propionitrilehalogenated hydrocarbon (dichloromethanea 
dichloroethaneand chloroform. ) Ethersuch as chlorobenzene 
(diethylethertetrahydrofuranetc. ) dimethyl sulfoxide and amide (N. N- 
dimethylformamide. ) N-methyl pyrrol idonesuch as NN-dimethyl acetamidol3- 
dimethylimidazolidinoneS-methyl oxazolidinoneester species (ethyl 
acetatebutyl acetateetc. ) Carbonic esterketone (diethyl carbonateethylene 
carbonatepropylene carbonateetc. ) hydrocarbon (acetone2- 
butanonecyclohexanoneetc. ) (hexanepetroleum etherbenzenetolueneetc. )and 
these mixed solvents are mentioned. 



[0048]A11 the amounts of adsorption of coloring matter have preferred 
per [ unit surface area (Im^) / 0. 01 ] - 100 mm**l of a porosity 
semiconductor electrode board. As for the amount of adsorption to a 
semiconductor particulate of coloring matterit is preferred that it is 
the range of per [ semiconductor particulate Ig / 0. 01 ] - 100 mm**l. 
The sensitization effect in a semiconductor is fully acquired by 
considering it as the amount of adsorption of such coloring matter. On 
the other handif there is too little coloring matterthe sensitization 
effect will become insuff icientand if there is too much coloring 
mattercoloring matter which has not adhered to a semiconductor will 
floatand it becomes the cause of reducing the sensitization effect. In 
order to increase the amount of adsorption of coloring matterheat- 
treating before adsorption is preferred. After heat-treatmentin order to 
avoid that water sticks to the semiconductor particulate surfaceit is 
preferred to make coloring matter adsorb quickly among 40-80 **without 
returning to ordinary temperature. A colorless compound may be added to 
coloring matter and coadsorption may be carried out to a semiconductor 
particulate in order to reduce interactionssuch as condensation between 
coloring matter. An effective compound for this purpose is a compound 
with surface activity character and structurefor examplea steroid 
compound (for examplechenodexycholic acid) which has a carboxyl groupand 
a surface-active agent of sulfonates are mentioned. 
[0049]As for unadsorbed coloring matterit is preferred that washing 
removes promptly after adsorption. It is preferred that use a wet 
cleaning tank and an organic solvent like polar solventssuch as 
acetonitrileand an alcohols solvent washes. After adsorbing coloring 
matteramines may be used and the surface of a semiconductor particulate 
may be processed. Pyridine4-t-butylpyridinepolyvinyl pyridineetc. are 
mentioned as desirable amines. When these are fluidsit may use as it 
isand it may dissolve and use for an organic solvent. 

(C) A charge transfer layer charge transfer layer is a layer containing 
a charge transporting material which has the function to supplement an 
oxidant of coloring matter with an electron. As an example of a typical 
charge transporting material which can be used by this invention** As an 
ion transport materiala solution (electrolysis solution) which ion of a 
redox couple dissolvedwhat is called a gel electrolyte with which gel of 
a polymer matrix was impregnated in a solution of a redox couplea fused 
salt electrolyte containing a oxidation reduction counter ionand also a 
solid electrolyte are mentioned. Carrier movement in ** solid other than 
a charge transporting material in which ion is concerned can also use an 
electron transport material and an electron hole (hole) transported 



material as a material in connection with electrical conduction. These 
can be used together. 

[0050] (l) A fused salt electrolyte fused salt electrolyte is preferred 
especially from a viewpoint of coexistence of photoelectric conversion 
efficiency and endurance. An electrolyte which contains known iodine 
saltsuch as pyridinium saltimidazolium salta triazolium saltetc. which 
are indicatedfor example to WO 95/No. 18456JP8- 

259543Aelectrochemistrythe 65th volumeNo. 11923 pages (1997) etc. as a 
fused salt electrolyte can be mentioned. 

[005l]As fused salt which can be used pref erablywhat is expressed by 
either a following general formula (Y-a) (Y-b) and (Y-c) is mentioned. 
[0052] 
[Formula 6] 

[0053]Qy, expresses the atom group who can form the aromatic cation of 5 
or 6 membered-rings with a nitrogen atom among a general formula (Y-a). 
As for Qyjit is preferred to be constituted by one or more sorts of 
atoms chosen from the group which consists of a carbon atoma hydrogen 
atoma nitrogen atoman oxygen atomand a sulfur atom. More the five- 
membered ring formedwithout Qy^ An oxazole ringa thiazole ringAn 
imidazole ringa pyrazole ringan isoxazole ringa thiadiazole ringit is 
preferred that they are an oxadiazole ring or a triazole ringit is more 
preferred that they are an oxazole ringa thiazole ringor an imidazole 
ringand it is preferred that they are especially an oxazole ring or an 
imidazole ring. As for six membered-rings formed of Qyjit is preferred 
that they are a pyridine ringa pyrimidine ringa pyridazine ringa 
pyrazine ringor a triazine ringand it is more preferred that it is a 
pyridine ring. 

[0054]Ayi expresses a nitrogen atom or a phosphorus atom among a general 
formula (Y-b) . 

[0055]A general formula (Y-a) (Y-b) and (Y-c) inner Ry, - Ry^ are alkyl 
groups (even if it is 1-24 carbon atoms and straight chain shape 
preferably and is branched state) which is not replaced [ substitution 
or ] independentlyrespect ively. May be cyclic and For examplea methyl 
groupan ethyl groupa propyl groupAn isopropyl groupa pentyl groupa hexyl 
groupan octyl groupa 2-ethylhexyl groupt-octyl groupa decyl 
groupdodecyla tetradecyl group2-hexyldecyl groupAlkenyl groups which are 
not replaced [ substitution or ]such as an octadecyl groupa cyclohexyl 
groupand a cyclopentylic group (it may be 2-24 carbon atoms and straight 
chain shape preferablyor may be branched stateand) For examplea vinyl 



groupan allyl groupetc. are expressedand it is an alkyl group with 2-18 
carbon atomsor an alkenyl group with 2-18 carbon atoms more 
preferablyand is an alkyl group with 2-6 carbon atoms especially 
preferably. 

[0056] Among Ry, in a general formula (Y-b) - Ry4a non-aromatic ring in 
which two or more connect with mutually and they contain Ayi may be 
formedamong Ry^ in a general formula (Y-c) - Rygtwo or more may connect 
mutually and they may form a ring structure. 

[0057]A general formula (Y-a) (Y-b) inner Qy^ and Ryj - Ryg may have a 
substituentand as an example of a desirable substituenthalogen atoms 
(FClBrletc. )a cyano groupand an alkoxy group (a methoxy group.) aryloxy 
groups (phenoxy group etc. ) such as an ethoxy basisand an alkyl thio group 
(a methylthio group. ) Alkoxycarbonyl groupssuch as an ethyl thio group 
(ethoxycarbonyl group etc. ) carbonic ester groups (ethoxycarbonyloxy 
group etc. ) and an acyl group (an acetyl group. ) sulfonyl groups (a 
methane sulfonyl group. ) such as a propionyl group and benzoyl Acyloxy 
groupssuch as a benzenesulfonyl group (an acetoxy groupa benzoyloxy 
groupetc. ) A sulfonyloxy group (a methane sulfonyloxy groupa 
toluenesulfonyloxy groupetc. )phosphonyl groups (diethyl phosphonyl group 
etc. ) and an amide group (an acetylamino group. ) Carbamoyl groupssuch as 
a benzoylamino group (N and N-dimethylcarbamoyl group etc. ) alkyl groups 
(a methyl groupan ethyl groupa propyl groupan isopropyl groupa 
cyclopropyl groupa butyl groupa 2-carboxyethyl groupbenzyletc. )aryl 
groups (a phenyl groupa toluyl groupetc.) and a heterocycle group (a 
pyridyl group.) Alkenyl groups (a vinyl groupl-propenyl groupetc. ) such 
as an imidazolyl group and a furanyl groupetc. are mentioned. 
[0058] A compound expressed by a general formula (Y-a) (Y-b) or (Y-c) may 
form a polymer via Qyj or Ry^ - Ryg. 

[0059]Such fused salt can also be used together with fused salt which 
could use it aloneor could use it having mixed two or more sorts and 
which replaced an iodine anion with other anions. As an iodine anion and 
an anion to replaceHalide ionNSC " (CI ' Br " etc. )BF4 " PF^ * ClO^ * (CF3SO2) 2N 
' (CF3CF2S02)2N ' CF3SO3 " CF3COO " Ph4B " (CF3S02)3C " ©tc. are mentioned as a desirable 
exampleand it is more preferred that they are (cf3so2)2N " BF^ " . Other 
iodine saltsuch as Lilcan also be added. 

[0060] Although an example of fused salt preferably used by this 
invention is given to belowit is not necessarily limited to these. 
[0061] 
[Formula 7] 



[0062] 
[Formula 8] 



[0063] 
[Formula 9] 



[0064] 

[Formula 10] 



[0065] 

[Formula 11] 



[0066] 

[Formula 12] 



[0067] 

[Formula 13] 

[0068] It is more desirable for what is a molten state at ordinary 
temperature to be preferred as for the above-mentioned fused salt 
electrolyteand not to use a solvent. Although the solvent mentioned 
later may be addedas for the content of fused saltit is preferred that 
it is more than 50 mass % to the whole electrolyte compositionand it is 
preferred that it is especially more than 90 mass %. It is preferred 
that more than 50 mass % is iodine salt among salts. 

[0069] It is preferred to add iodine to an electrolyte compositionas for 
content of iodineit is preferred that it is [ as opposed to / the whole 
electrolyte composition / in this case ] 0. 1 to 20 mass %and it is more 
preferred that it is 0. 5 to 5 mass %. 

[0070] (2) As for an electrolysis solutionwhen using an electrolysis 
solution for an electrolysis solution charge transfer layerit is 
preferred to comprise an electrolytea solventand an additive. An 
electrolyte of this invention is the combination (as an iodide) of I2 
and an iodide. [ Lil and ] Metal iodidessuch as NalKICsIand Cal^or tetra 
alkylammonium iodidelodine salt of the 4th class ammonium compoundssuch 



as pyridinium iodide and imidazolium iodideetc. Combination of Brg and a 
bromide (as a bromide) [ LiBrNaBr and ] Metal bromidessuch as KBrCsBrand 
CaBrgOr a tetra alkylammonium star' s pictureOthers which are the bromine 
salt of the 4th class ammonium compoundssuch as a pyridinium star' s 
pictureetc. Sulfur compoundssuch as metal complexessuch as a ferrocyanic 
acid salt-f erricyanic acid salt and ferrocene ferricinium ionsodium 
polysulf ideand alkyl thiol alkyl disulf ideviologen coloring 
matterhydroquinone quinoneetc. can be used. An electrolyte which 
combined iodine salt of the 4th class ammonium compoundssuch as 
l2LiIpyridinium iodideimidazolium iodidealso in this is preferred. An 
electrolyte mentioned above may be mixed and used. 

[0071] desirable electrolytic concentration of more than 0. IM is below 
15Mand more than 0. 2M is below lOM still more preferably. Addition 
concentration of desirable iodine in a case of adding iodine to an 
electrolyte is less than more than 0. OlMO. 5M. 

[0072]As for a solvent used for an electrolyteit is desirable for a 
dielectric constant to be high in improving ionic mobility lowand for 
viscosity to be a compound which improves effective-carriers 
concentration and can reveal outstanding ion conductivity. As such a 
solventcarbonate compoundssuch as ethylene carbonate and propylene 
carbonateHeterocyclic compoundssuch as 3-methyl-2- 

oxazolidinonedioxaneEther compoundssuch as diethyletherethylene glycol 
dialkyl etherPropylene glycol dialkyl etherpolyethylene-glycol dialkyl 
etherChain ethersuch as polypropylene-glycol dialkyl 
etherMethanolethanolethylene glycol monoalkyl etherPropylene glycol 
monoalkyl etherpolyethylene-glycol monoalkyl etherAlcoholssuch as 
polypropylene-glycol monoalkyl etherEthylene glycolpropylene glycola 
polyethylene glycolA polyhydric alcohol class of a polypropylene 
glycolglycerinetc. acetonitrileAprotic polar substancessuch as nitryl 
compoundssuch as guru taro dinitrilemethoxy acetonitrilepropioni trileand 
benzonitriledimethyl sulfoxideand sulfolanewateretc. can be used. 
[0073] In this inventionbasic compoundssuch as J. Am. Ceram. Soc. SOtert- 
butylpyridine that is indicated to (12) 3157-3171 (1997) 2-picolinea 26- 
lutidinecan also be added, in a desirable density range in a case of 
adding a basic compoundmore than 0. 05M is below 2M. 

[0074] (3) It can also be used in gel electrolyte this inventionmaking an 
electrolyte able to gel with techniquessuch as polymer additionoil 
gelatinizing agent additiona polymerization containing polyfunctional 
monomerand crosslinking reaction of polymer (solidification). When 
making it gel by polymer additionit is ''Polymer Electrolyte Reviews~l 
and 2'' (J. R. MacCallum and C. A. Vincent). [ jointly and ] Although a 



compound indicated to ELSEVIERAPPLIEDSCIENCE can be usedespecially 
polyacrylonitrile and polyvinylidene fluoride can be used preferably. 
When making it gel by oil gelatinizing agent addition!. Chem. Soc. 
Japanlnd. Chem. Sec. 46779 (1943) J. Am. Chem. Soc. 1115542 (1989) J. Chem. 
Soc. Chem. Commun. 1993390Angew. Chem. Int. Ed. Engl. 351949 (1996) Although 
Chem. Lett. 1996885J. Chm. Soc. Chem. Commun. 1997and a compound indicated 
to 545 can be useda desirable compound is a compound which has amide 
structure in molecular structure. 

[0075]When making an electrolyte gel by crosslinking reaction of 
polymerit is desirable to use together polymer and a cross linking agent 
containing a reactant group which can construct a bridge. A reactant 
group in which desirable bridge construction is possible In this 
casenitrogen-containing heterocycle. Are (for examplea pyridine ringan 
imidazole ringa thiazole ringan oxazole ringa triazole ringa morpholine 
ringa piperidine ringa piperazine ringetc. )and a desirable cross linking 
agentThey are the reagents (for examplealkyl halidearalkyl 
halidesulfonic esteran acid anhydrideacid chloridean isocyanateetc. ) of 
two or more organic functions in which an electrophilic reaction is 
possible to a nitrogen atom. 

[0076] (4) In hole transporting material this inventiona hole 
transporting material of a solid which combined organicityinorganic 
matteror these both can be used instead of ion-conductive 
electrolytessuch as fused salt. 

(a) As an organic hole transporting material applicable to organic hole 
transporting material this inventionj. Hagen et al. SyntheticMetal 89 
(1997) 215-220NatureVol. 3958 Oct. 1998p583-585 and W097/10617JP59- 
194393AJP5-234681AU. S. Pat. No. 4923774JP4-308688AU. S. Pat. No. 
4764625JP3-269084AJP4-129271AJP4-175395AJP4-264189AJP4-290851AJP4- 
364153AJP5-25473AJP5-239455AJP5-320634AJP6-1972AJP7-138562AJP7- 
252474AThe triphenylene derivatives of a statement can be preferably 
used for aromatic amineJPll-"149821AJPll-148067AJPll-176489Aetc. which 
are shown in the JP11-144773A head. .Adv. Mater. 1997 and 9No. 7p557Angew. 
Chem. Int. Ed. Engl. 199534No. 3and p303-307JACSVol. 120No. 41998an oligo 
thiophene compound indicated in p664"-672 gradeK. Polypyrrole given in 
Murakoshi et a 1. Chem. Lett. 1997and p471Handbook of Organic Conductive 
Molecules and Polymers Vol. 1, 2, 3, 4(NALWA work.) Polyacethylene 
indicated to WILEY publicationand its derivativePoly (p-phenylene) and 
its derivativepoly (p-phenylenevinylene)and its derivativeConductive 
polymerssuch as poly thienylene vinylene and its derivativea 
polythiophene and its derivativepoly aniline and its derivativea 
polytoluidineand its derivativecan be used preferably. In order to 



control a dopant level to an electron hole (hole) transported material 
as indicated to NatureVol. 3958 Oct. 1998and p583-585. Add a compound 
containing a cation radical like tris (4-bromophenyl) aminium hexachloro 
antimonateorin order to perform potential control on the surface of an 
oxide semiconductor (compensation of a space charge layer) a salt like Li 
[(CF3SO2) 2N] may be added. 

[0077] (b) A p type inorganic compound semiconductor can be used as an 
inorganic hole transporting material inorganic matter hole transporting 
material. As for a p type inorganic compound semiconductor of this 
purposeit is preferred that a band gap is not less than 2 eVand it is 
preferred that it is not less than 2. 5 more eV. Ionization potential of 
a p type inorganic compound semiconductor needs to be smaller than 
ionization potential of conditions to a coloring matter adsorption 
electrode which can return an electron hole of coloring matter. Although 
the desirable range of ionization potential of a p type inorganic 
compound semiconductor changes with coloring matter to be usedgenerally 
it is preferred that it is [ not less than 4. 5 eV ] 5.5 eV or lessand it 
is preferred that it is [ not less than 4. 7 more eV ] 5. 3 eV or less. A 
desirable p type inorganic compound semiconductor is a compound 
semiconductor containing copper of monovalenceAs an example of a 
compound semiconductor containing copper of monovalence. ** 
CuICuSCNCuInSegCu (InGa) Se2CuGaSe2Cu20CuSCuGaS2CuInS2CuAlSe2etc. are 
mentioned. Also in thisCuI and CuSCN are preferred and Cul is the most 
preferred. As other p type inorganic compound 

semiconductorsGaPNiOCoOFeOBi203Mo02Cr203etc. can be used. As for desirable 
Hall mobility of a charge transfer layer containing a p type inorganic 
compound semiconductormore than 10"^cmVV-sec is below IC^crnVV-secand 
more than 10"^cmVV-sec is below lO^cmVV-sec still more preferably. 
Desirable conductivity of a charge transport layer of more than 10~^S/cm 
is below lO^S/cmand more than SlO'Vcm are 10 or less S/cm still more 
preferably. 

[0078] (5) Two kinds of methods can be considered about a formation 
method of a formation charge transfer layer of a charge transfer layer. 

One pastes a counter electrode together previously on a photosensitive 
layerand it is the method of putting a liquefied charge transfer layer 
between the gap. Another is the method of giving a charge transfer layer 
directly on a photosensitive layerand a counter electrode will be given 
after that. 

[0079] In the case of the formeran ordinary pressure process of using 
capillarity by immersion etc. as how to put a charge transfer layeror a 
vacuum process which uses a pressure lower than ordinary pressure and 



replaces the gaseous phase of a gap by the liquid phase can be used. 
[0080] In the case of the latterin a wet charge transfer layera counter 
electrode will be given with un-dryingand a liquid leakage control 
measure of an edge part will be taken. There is a method of applying by 
a wet type in the case of a gel electrolyteand solidifying by 
methodssuch as a polymerizationand a counter electrode can also be given 
after drying and fixing in that case. As a method of giving a wet 
organicity hole transporting material besides an electrolysis 
solutionand a gel electrolytethe same method as the above-mentioned 
semiconductor particle layer or grant of coloring matter can be used. 
[0081] In the case of an electron hole (hole) transported material of a 
solid electrolyte or a solida charge transfer layer can be formed by dry 
membrane formation processing of a vacuum deposition methoda CVD 
methodetc. and a counter electrode can also be given after that. An 
organic hole transporting material can be introduced into an inside of 
an electrode with techniquessuch as a vacuum deposition methodthe cast 
methodthe applying methoda spin coat methoddip coatingan electrolytic 
polymerization methodand photoelectrical depolymerization method. Also 
in an inorganic solid compoundit can introduce into an inside of an 
electrode with techniquessuch as the cast methodthe applying methoda 
spin coat methoddip coatingand an electrolytic plating method. 
[0082] (D) Like the aforementioned conductive substratelayer structure of 
a counter electrode conductive layer which consists of conductive 
materials may be sufficient as a counter electrode counter electrodeand 
it may comprise a counter electrode conductive layer and a supporting 
board. As a conducting material used for a counter electrode conductive 
lay erme t a 1 carbon (for 

exampleplatinumgoldsilvercopperaluminummagnesiumindiumetc. )or conductive 
metallic oxide (an indium tin multiple oxidef luoride dope tin oxideetc. ) 
is mentioned. Also in thisplatinumgoldsilvercopperaluminumand magnesium 
can be preferably used as a counter electrode layer. An example of a 
desirable supporting board of a counter electrode is glass or a 
plasticis applied or vapor-deposited and uses the above-mentioned 
conducting agent for this. Although thickness in particular of a counter 
electrode conductive layer is not restrictedS nm - 10 micrometers are 
preferred. When a counter electrode conductive layer is metalthe 
thickness is 5 micrometers or less preferablyand ranges of it are 10 nm 
- 3 micrometers still more preferably. Surface resistance of a counter 
electrode layer is so good that it is low. As a range of desirable 
surface resistanceit is below 50ohms / **and is below 20ohms / ** still 
more preferably. 



[0083]Since it may irradiate with light from both a conductive 
substrateand both [ either or ]in order for light to reach a 
photosensitive layerit is good if at least one side of a conductive 
substrate and a counter electrode is substantially transparent. It is 
preferred to make a conductive substrate transparent from a viewpoint of 
improvement in generation ef f iciencyand to enter light from the 
conductive substrate side. In this caseas for a counter electrodeit is 
preferred to have the character to reflect light. As such a counter 
electrodeglass which vapor-deposited metal or a conductive oxidea 
plasticor a metal thin film can be used. 

[0084] The counter electrode should just stick the conductive layer side 
of a substrate which appliesplates or vapor-deposits a conducting 
material directly on a charge transfer layer (PVDCVD)or has a conductive 
layer. As well as a case of a conductive substrate when especially a 
counter electrode is transparentit is preferred to use a metal lead in 
order to lower resistance of a counter electrode. A fall of incident 
light quantity by desirable construction material of a metal lead and an 
installation methodand metal lead installation is the same as a case of 
a conductive substrate. 

[0085] (E) In order to prevent other layer pair poles and a short circuit 
of a conductive substrateit is preferred to paint a thin film layer of a 
conductive substrate and a semiconductor precise between photosensitive 
layers as an under coat beforehandand it is effective especially when 
using an electron transport material and a hole transporting material 
for a charge transfer layer. Ti02Sn02Fe203W03ZnOand Nb205 are preferred as 
an under coatand it is Ti02 still more preferably. An under coat can be 
paintedfor example by a sputtering technique besides Electrochimi. Acta 
40 and the spray pyrolysis method indicated to 643-652 (1995) etc. 
Desirable thickness of an under coat is 5-1000 nm or lessand its 10-500 
nm is still more preferred. 

[0086] Functional layerssuch as a protective layer and an antiref lection 
layermay be provided in an inside or an outer surface of one side of a 
conductive substrate which acts as an electrodeand a counter electrodeor 
both. According to the construction materialthe applying methodvacuum 
depositionthe sticking methodetc. can be used for formation of these 
functional layers. 

[0087] (F) an example of an internal structure of an optoelectric 
transducer — as mentioned abovedouble an internal structure of an 
optoelectric transducer with the purposeand various gestalten are 
possible for it. If it roughly divides into twostructure which can enter 
both sides to lightand a structure possible only from one side are 



possible. An internal structure of an optoelectric transducer preferably 
applicable to this invention at drawing 2 - drawing 9 is illustrated. 
[0088] Drawing 2 makes the photosensitive layer 20 and the charge 
transfer layer 30 intervene between the transparent conductive layer 10a 
and the transparent counter electrode conductive layer 40aand has 
structure where light enters from both sides. Drawing 3 forms the metal 
lead 11 in part on the transparent substrate 50aforms the transparent 
conductive layer 10a furtherforms the under coat 60the photosensitive 
layer 20the charge transfer layer 30and the counter electrode conductive 
layer 40 in this orderarranges the supporting board 50 furtherand has 
structure where light enters from the conductive layer side. On the 
supporting board SO drawing 4 has the conductive layer 10 furtherand 
forms the photosensitive layer 20 via the under coat 60The metal lead 11 
side is carried out insidethe transparent substrate 50a which 
furthermore formed the charge transfer layer 30 and the transparent 
counter electrode conductive layer 40aand formed the metal lead 11 in 
part is arrangedand it is the structure where light enters from the 
counter electrode side. Drawing 5 is the structure where the under coat 
60the photosensitive layer 20and the charge transfer layer 30 are made 
to intervene among 1 set of thing which formed the metal lead 11 in part 
on the transparent substrate 50aand formed the transparent conductive 
layer 10a (or 40a) furtherand light enters from both sides. Drawing 6 is 
the structure where the transparent conductive layer lOathe under coat 
60the photosensitive layer 20the charge transfer layer 30and the counter 
electrode conductive layer 40 are formed on the transparent substrate 
50a the supporting board 50 is arranged and light enters from the 
conductive layer side on this. On the supporting board SO drawing 7 has 
the conductive layer lOforms the photosensitive layer 20 via the under 
coat eOforms the charge transfer layer 30 and the transparent counter 
electrode conductive layer 40a f urtherarranges the transparent substrate 
50a on thisand is the structure where light enters from the counter 
electrode side. On the transparent substrate SOa drawing 8 has the 
transparent conductive layer lOaforms the photosensitive layer 20 via 
the under coat 60forms the charge transfer layer 30 and the transparent 
counter electrode conductive layer 40a furtherarranges the transparent 
substrate 50a on thisand has structure where light enters from both 
sides. Drawing 9 forms the conductive layer 10 on the supporting board 
SOforms the photosensitive layer 20 via the under coat 60forms the solid 
charge transfer layer 30 furtherhas the counter electrode conductive 
layer 40 or the metal lead 11 in part on thisand has structure where 
light enters from the counter electrode side. 



[2] It is made to make a photoelectric cell of photoelectric cell this 
invention work with external load to the above-mentioned optoelectric 
transducer. A case where call a case where a charge transporting 
material mainly consists of ion transport material among photoelectric 
cells especially a photoelectrochemical celland power generation by 
sunlight is made into a key objective is called a solar cell. As for a 
photoelectric cellin order to prevent degradation of a structure and 
vaporization of contentsit is preferred to seal the side with 
polymeradhesivesetc. The external circuit itself connected to a 
conductive substrate and a counter electrode via a lead may be publicly 
known. When applying an optoelectric transducer of this invention to a 
solar cellstructure inside the cell is the same as structure of an 
optoelectric transducer fundamentally mentioned above. The dye 
sensitizing type solar cell of this invention can take the fundamentally 
same modular structure as the conventional solar cell module. Although a 
cell is constituted on supporting boardssuch as metal and ceramicsa 
solar cell module generally covers an it top with filling resincover 
glassetc- and structure of incorporating light from an opposite hand of 
a supporting board is takenit is also possible to consider it as 
structure of using transparent materialssuch as tempered glassfor a 
supporting boardconstituting a cell and incorporating light from the 
transparent supporting board side on it. A modular structure 
specifically called a super straight typea substrate typeand a potting 
typeA substrate integral-type modular structure etc. which are used with 
an amorphous-silicon solar cell etc. are knownand a dye sensitizing type 
solar cell of this invention can also choose these modular structures 
suitably with the purpose of usea service spaceand environment. 
Specif icallyit is preferred to consider it as structure of a statement 
or a mode at Japanese Patent Application No. 11-8457. 
[0089] 

[Example] Although an example is raised to below and this invention is 
explained in more detailunless the main point of an invention is 
exceededthis invention is not limited to an example. 
[0090]Hereafteran example explains this invention concretely. 
With 142. 1 g of preparation titanium tetra isopropanal POKISAIDO of the 
example 11-1. titanium dioxide particle dispersion liquid lall over the 
dry boxit mixed at the room temperature and 149. 2 g of triethanolamine 
was settled for 2 hours. Mixed liquor was taken out from the dry boxit 
diluted so that distilled water might be added and it might become 1000 
ml of whole pictureand it was considered as the mother liquor. What 
added 2.85 ml of acetic acid to distilled waterand was 100 ml was mixed 



with 100 ml of mother liquors. 140 ** was raised and temperature was 
heated for further 72 hoursafter heating at 100 ** with the hermetic 
container for 24 hours and considering it as white gelatinous material. 
After cooling to a room temperaturethe supernatant fluid was removed and 
the light reddish-brown sediment was obtained. The mass of the sediment 
having contained water was 33g. 1. 0 g of polyethylene glycols of the 
molecular weight 500000 were added to the obtained sedimentit kneaded 
for 20 minutes with the kneading machinethe titanium dioxide dispersed 
matter of 12% of mass concentration was obtainedand it was considered as 
the dispersion liquid 1. The mean particle diameter of the titanium 
dioxide particles contained in the dispersion liquid 1 is about 16 nmand 
a particle of 10 nm or less was also contained. 

[0091]25 ml of 1 m**l/l solution of hydrochloric acid is added to 4.5 ml 
of preparation titanium isopropoxide of the 1-2. titanium dioxide 
particle dispersion liquid 2 (with a precursor) and it stirs at a room 
temperature. When carried out for stirring 1 to 3 hours4 ml of this 
solution was added to 15. 5 g of the titanium dioxide particle dispersed 
matter land it was considered as the titanium dioxide particle 
dispersion liquid 2. This liquid was promptly used for the following 
process after mixing. 

[0092] 2. the transparent conductive glass (the Nippon Sheet Glass make.) 
which coated the tin oxide which doped the production fluoride of the 
titanium dioxide electrode which adsorbed coloring matter Surface 
resistance painted and processed the above-mentioned dispersion liquid 1 
or 2 under the following monograph affair at the electric conduction 
side side of about lOohms / **and formed the semiconductor porous 
electrode which consists of metal oxide particles. Any electrodes of the 
coverage of the titanium dioxide were about 9. Og / m^and thickness was 
about 6 micrometers. The amount of adsorption of the coloring matter of 
each electrode was indicated to Table 1. 

[0093]2-l. The production dispersion liquid 1 of the electrode A 
(comparative example) were applied by a thickness of 100 micrometers 
with the doctor bladeand after drying for 40 minutes at 25 **it 
calcinated for 30 minutes at 350 ** with the electric furnace (Yamato 
Scientific muffle furnace FP--32 type). After coolingcoloring matter was 
made to dye by carrying out heating flowing back for 3 minutes in the 
solution (a coloring-matter SxlO"'* mol / litera solvent: ethanol) of R-1 
coloring matter. This was made into the electrode A. 

[0094]2-2. The production dispersion liquid 2 of the electrode B (this 
invention) were applied by a thickness of 100 micrometers with the 
doctor bladeand after drying for 40 minutes at 25 **the electrode 



surface was irradiated with ultraviolet rays with a wavelength of 400 nm 
or less for 30 minutes under 25 ** atmosphere using the xenon lamp. 
Coloring matter was made to dye by carrying out heating flowing back for 
3 minutes after that in the solution (a coloring-matter 3x10 mol / 
litera solvent: ethanol) of R-1 coloring matter. This was made into the 
electrode B. 

2-3. The production dispersion liquid 1 of the electrode C (this 
invention) were applied by a thickness of 100 micrometers with the 
doctor bladeand after drying for 40 minutes at 25 **the electrode 
surface was irradiated with the ultraviolet rays of wavelength [ of 400 
nm or less ]and intensity 30 mW/cm^ for 30 minutes on a 150 ** hot plate 
using the xenon lamp. Coloring matter was made to dye by carrying out 
heating flowing back of heating and the UV irradiation for 3 minutes 
after an end simultaneously in the solution (a coloring-matter SxlO"'* 
mol / litera solvent: ethanol) of R-1 coloring matter. This was made 
into the electrode C. 

2-4. The production dispersion liquid 1 of the electrode D (this 
invention) were applied by a thickness of 100 micrometers with the 
doctor bladeand after drying for 40 minutes at 25 **it decompressed and 
heated for 30 minutes under decompression of 0. 04MPaand on a 250 ** hot 
plate. Coloring matter was made to dye by carrying out heating flowing 
back for 3 minutes after that in the solution (a coloring-matter 3x10"* 
mol / litera solvent: ethanol) of R-1 coloring matter. This was made 
into the electrode D. 

2-5. The production dispersion liquid 1 of the electrode E (this 
invention) were applied by a thickness of 100 micrometers with the 
doctor bladeand after drying for 40 minutes at 25 **it irradiated with 
infrared rays for 30 minutes at the far-infrared furnace. Coloring 
matter was made to dye by carrying out heating flowing back for 3 
minutes after that in the solution (a coloring-matter 3x10""^ mol / 
litera solvent: ethanol) of R-1 coloring matter. This was made into the 
electrode E. 

2-6. The production dispersion liquid 1 of the electrode F (this 
invention) were applied by a thickness of 100 micrometers with the 
doctor bladeand after drying for 40 minutes at 25 **the electrode 
surface was irradiated with the ultraviolet rays of wavelength [ of 400 
nm or less ]and intensity 30 mW/cm^ for 30 minutes on a 150 ** hot plate 
using the xenon lamp. Howevercoloring matter was made to dye by carrying 
out heating flowing back for 3 minutes in the solution (a coloring- 
matter 3x10"'* mol / litera solvent: ethanol) of after that and R-1 
coloring matter in which after the end of UV irradiation performed 



heating for 15 more minutes. This was made into the electrode F. 

2- 7. The electrode G was produced similarly except having transposed the 
dispersion liquid 1 to the dispersion liquid 2 in production of the 
production electrodes F of the electrode G (this invention). 

[0095] 3. The electrode produced by formation of a charge transport layer 
and the 2nd paragraph of production of the photoelectric cell was judged 
in size of 26 mm x 18 mmit left the 14 mm of central part xl4 mm 
squareand the titanium dioxide particle layer was removed. 

3- 1. the platinum vacuum evaporation glass (a counter electrode. ) of the 
same size as the electrode in which formation of an ionic charge 
transporting bed and a photoelectric cell carried out assembly 
preparation Thickness =lmicrometer of a platinum layerglass membrane 
thickness = the frame type spacer made from polyethylene (10 micrometers 
in thickness) was inserted for 1. 1 mm4 mm in width which are an end 
piece for terminals was taken out outside by turnsand it was laid on top 
of the long side direction. (Refer to drawing 10 ) 

[0096] It left the field of the TiOg transparent electrode substrate 
which is a light sensing portionand the seal of the whole was carried 
out with epoxy resin adhesive. Nextthe stoma for pouring in was vacated 
for the side of a spacerand the fused salt electrolyte (compound l: 
compound 2: iodine =15:35:1 (mass ratio)) was infiltrated into inter- 
electrode space at 80 ** using capillarity. Thenthe stoma for pouring in 
was closed. The photoelectric cells 101-107 shown in Table 1 as 
mentioned above were completed. 
[0097] 

[Formula 14] 

[0098] 3-2. After protecting except the central part (14 mmxl4 mm square) 
where the titanium dioxide particle layer to which the coloring matter 
of the electrode in which formation of an electron hole transporting bed 
and a photoelectric cell carried out assembly preparation was made to 
stick remainsit put on the hot plate overheated at 100 **and was 
neglected for 2 minutes. ThenO. 2 ml of acetonitrile fluid (3.2 mass %) 
of gamma-CuI was slowly added to the titanium dioxide particle layer 
over about 10 minutesvolatilizing acetonitrile. It was neglected on the 
hot plate for after-addition 2 minutesand the Cul (electron hole 
transportation) layer was formed. After piling up pressurizing above- 
mentioned platinum vacuum evaporation glass on itit left the field of 
the TiOg transparent electrode substrate which is a light sensing 
portionand the seal of the whole was carried out with epoxy resin 



adhesive. Thusthe photoelectric cells 201-203 shown in Table 1 were 

produced. 

[0099] 

[Table 1] 

[0100]4. Imitation sunlight was generated by letting a spectrum filter 
(AMI. 5G by Oriel) pass for the light of the xenon lamp (made by USHIO) 
of the measurement 500W of photoelectric conversion efficiency. This 
luminous intensity was lOOmW/cm^. It irradiated with this imitation 
sunlight and the electrically conductive glass of the above-mentioned 
optoelectric transducer and the electrical and electric equipment 
generated between counter electrode layers were measured with the 
current potential measuring device (case rhe SMU2400 type). 
Photoelectric conversion efficiency (eta) was indicated to Table 1. 
[0101] 5. About the photoelectric cells 101-107 which provided the 
measurement ion transport layer of adsorption pigment quantitythe 
element was decomposed after measuring photoelectric conversion 
performanceand the electrolyte was washed and removed by acetonitrile. 
Thenthe coloring matter to which it is sticking is extracted to an 
alkali solutionand it is the bottom about a fixed quantity of adsorption 
pigment quantity. The determination result was indicated to Table 1. 
Extraction of coloring matter is difficult for the photoelectric cell 
which provided the electron hole transporting bedand a fixed quantity 
was not made. 

[0102]From Table Icomparison type 101 is understood that the coloring 
matter amount of adsorption and photoelectric conversion efficiency are 
also extremely low. As compared with lOlthe photoelectric cells 102-107 
which processed the electrode by the method of this invention understand 
that photoelectric conversion efficiency is [ which has much coloring 
matter amount of adsorption ] all also high. It turns out that what used 
an ultraviolet radiation exposure and heating together especially 
(103106107) is excellent in coloring matter adsorption and photoelectric 
conversion efficiency also in the electrotreatment of this invention. In 
concomitant use with the UV light exposure of this inventionand 
heatingwhen Example 103 (a UV light exposure and heating are ended 
simultaneously) is compared with Example 106 (it ends with heating) after 
ending UV irradiation like Example 106it turns out that the direction at 
the time of heating has much coloring matter amount of adsorpt ionand the 
photoelectric conversion efficiency of a direction is also high. The 
titanium oxide surface carries out super-hydrophilization of this by UV 



lightand it is considered to originate in the state being 
disadvantageous for coloring matter adsorptionand the state where the 
surface carried out hydrophobing with heating being more advantageous. 
Comparison with Examples 106 and 107 shows that it is [ photoelectric 
conversion efficiency ] higher to add a precursor. 

[0103]Even when a charge transport layer is a hole transporting material 
(201-203) it is in the same tendency. That iscompared with the comparison 
photoelectric cell (201) using the electrode calcinated only with 350 ** 
heatingthe photoelectric cells 202 and 203 which processed the electrode 
by the method of this invention understand that photoelectric conversion 
efficiency is also high for each. It turns out that what (202) used an 
ultraviolet radiation exposure and heating together is especially 
excellent also in it. 

[0104] When the same experiment as Example 2 was conducted using the 
transparent electric conduction film which gave conductivity on the 
polymer substrate (PET) and the conditions of the comparative example of 
Table li. e. 350 ** heatingwere usedshape of the base material was not 
able to change and it was not able to finish setting up an optoelectric 
transducer. On condition of this invention of Table lit could finish 
setting up an optoelectric transducer to itand photoelectric conversion 
was possible. 

[Effect of the Invention] As mentioned abovethe optoelectric transducer 
of this invention can finish setting up an optoelectric 

transducerwithout using an elevated temperatureand since photoelectric 
conversion efficiency is also highit is very effective as an optical 
power generation element. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention, 

[Drawing 2] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 3] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 4] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 5] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 



[DrawinR 6] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 7] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 8] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 9] It is a fragmentary sectional view showing the structure of 

the desirable optoelectric transducer of this invention. 

[Drawing 10] It is a mimetic diagram showing the example of how to pile 

up the electrode in an example. 

[Description of Notations] 

1 . . . Coloring matter adsorption titanium dioxide electrode 

2 . . . Counter electrode (platinum vacuum evaporation glass) 

3 . . . Light-receiving portion in which a titanium dioxide layer exists 

10 . . . Conductive layer 

10a . . . Transparent conductive layer 

11 . . . Metal lead 

20 . . . Photosensitive layer 

21 . . . Semiconductor particulate 

22 . . . Coloring matter 

23 ... Charge transporting material 
30 . . . Charge transport layer 

40 . . . Counter electrode conductive layer 

40a . . . Transparent counter electrode conductive layer 

50 . . . Substrate 

50a . . . Transparent substrate 

60 . . . Under coat 
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[0017] ¥©t*:?!a«a?<7)*3iSl±— li£lC n m~ p m<7) 

3b^e5}<«)/j:— :^C«i^-<7)¥K)«iS{i 5 ~2 0 0 nmT'Sc>^ 
W<)W*L<. 8~1 0 0nm3!r<fcy»*Lt>„ *5iB.9 
T'(*, 1 0 nm&L±Oiffm(Dn.^t 1 0 nmWT©*aS 

(D^mwum^ a^^i^mmto. o i~3 

[0 0 18] itts«ft<DS**2aiiJj(±(Dmi^=&s 

^LTt<fc<x r©Jl^/jNT*-tNjfa^©¥lS)+J-f Xlil 0 

[0 0 19] i»i©i*?afit?(7){'^is^tLTii. i^mm^ 

(O r«7;u-y;u-»ro*4!¥!j T'^^.jpcMtt (1998^) . a 
wit $8ffi#<D rv;U-y;U^lcJ:SSP^=l-7^-f >-5^« 
(1995^) ^lcfBea)V;U-y;U-X. t$*Sl3^<^ 

Tcmmmmj . ^t*j&. mssm. m9^. ioi2~ioi8 

M (1996^) iZsiW.<0^lV-9)\,mi!j^»^Ll\ SfcDe 



(5) 
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[0 0 2 0] i^mitiWi&^t)<mt^^:y(Dm'^. ±iBV 
r^^b^-szv ifatt-tisfflSifj Sfs^aiiig (1997^) 

12#, 31S7~3171M (1997^) leiHi£<D:&^^x Burnsi 
9^. 2419~2425MlC|SIE©:^^tff * Lt\ 

[002 1] ^<b5"-$j>«. ±t LTT':^^— tfSityu 

[0 0 2 2] (2) ^mwmm'Fm 

«mi43tJ^f*<DlBi14«l*««Lrc«^. Sit 
[0 0 2 3] iJiltjit LTJ*. **fcliSa®W«l>S«f 

^tf?K'Jx^U>^fUa-;K3[)J:3«:<KUT-. USS 

t,<fci\ /icgx^^u^-j^'j^-zucoij^m^-s^sjit 
-JUT*.S>WT\ ^KUx^^uv'if'j u-yl/^^^JD-rsc: 

[0 0 2 41 i^mitiUfi^o)mitmmizmt>-f. nmo) 
[0 0 2 5] —mc}¥^mwm.m^mo>m-i£ m^oym 



0. 1~1 OO^mTSS, *{g1i5te^Cfflt^«li^. ^ 

®tt:?!S«t?ilWJl*l±1 ~3 OAimjbW* L<. 2~2 
5 M mt)<^ y Lt^o ¥^i*:jS[ffi?(D3£Jt(* 1 m2^ 
fcUMflifitJO. 5~10 0gAW^L<s 3~5 0g 

[0 0 2 6] ^mwum=i'immmi^m^<Dm0mmt 

<fc y . tsfii^p^^-gpa^r s c: <!: T-^mtt^^3KT^ 
mm^^mt-' e ?a*i?'s(D3tes^ ;± A?a)^^±if t So 

^ S A\ T i 02® Jg^ 4 5 0 X-MLf^tmr S d ftW * 
LA^ofc) „ 

[0 0 2 71 *58^lC*Jt>Tt*, iSigTMllft-rsCiS 

T\ fcStMi2 0J.X±*SS^^t5-ttTfflt^S= 

(I) 5 0°CiX±3 5 CC^^lCjOflft-r 

(3) iti^ftssa^ic^-r-f a»«Bgi4-r5. 

(4) iti^<*?iSi|!i^lc'>^< ttTKiJ^MHR^^^jS? 

(5) iji 0 . 0 5 M P a J-XTCDMETlcM 

(6) i|i^tt:iaa^:&7i-y>i?HmTtct3<o 

(8) ¥??»sai4^-^gmigTltte<o 

(9) ^^^mki-^-mm.mT\zts<. 

(10) ¥^i*«Sffi?lc;Bm3St«3it-ro 

(II) ii^mwmL=f-\zi^mmm=f-y\yt)-n-^^n 

[0 0 2 81 f^l^J-e. iSit*i^^P^<01fi^a)fc46lctt. M 

(DX#./U4i-<t:LTflftx:?./U^i-^#^S (1) (DftelC 
mHS;ft(CJ:Ux^>jU4^- ( (2) . (3) . (4) . 

(8) . (9) ) ^^■7L^z.t'(>mmm:ykr^t^z^^) 

¥#f*S#*>J:lfffi»T-a)fltmii:<fcS5«si (io) jy^^^ 
«>ic«. J]a^lcJ:ySi58. (1) fte. Mff 
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ft? ( (6) . (7) ) tm^T&^o *fc. Ti02«&?a)cfc 

WSOTSSo Ti02fii?a)li& (2) (D^^|gBgS**i«!|tlC 

W55!lT-S-l.o ±U(D^^n^Tl:\ (11) <7)¥^ 

©tc»*Ll\ (1) <Dl)Df»ti. ±IB¥«itSStS^^F^<0 

t\ SfoT. tiUm^<D±mit. 3 0 0°C*iWSL<. 
2 5 0°C6^T*-6(C»* Lt\ ^fcs lJ[]fl*-S^<7)TPmi. 
80°C*i^»$L<, 1 0 O^jb^jeicjif* 
[0 0 2 91 ±13© (1) ~ (11) ©^S<0!!f S Lt^Sia 

( (1) ~ (4) . (8) ~ (10) ) tmm^mcD^m 

^itit<Dtctt)<D:^m ( (1) > (5) ~ 

(7) ) ^!ffl*i-&to-y-:5(DAW$L<. cineiu^^lc 
(11) ^ISa^^to-»+S<D6W* Lt^ iKaTP^© 

IIS^<Dfc46©*-^ ( (1) ~ (4) . (8) ~ (10) ) <D 

^ ( (1) . (5) ~ (7) ) (D2lU.±^m^-^t>it%C 

(1) + (2) . (1) + (3) , (1) + (4) . (1) + 

(5) . (1) + (2) + (5) . (4) + (5) , (2) + 

(4) + (5) . (3) + (5) . (1) + (2) + (6) . 

(4) + (6) . (3) + (7) . (1) + (3) + (7) . 

(1) + (8) . (1) + (2) + (8) , (1) + (2) + 

(8) + (10) J&ii'tfJpjfen. c:ti5ic3-6ic (id 

[0 0 3 0] Sfc. ±tE(Dy5m(DmSi--^t>itJimit. ¥ 

Ttau\ t-^tj-e. m?nt (D + (2) (om^^^^ 

ictet^Tti. (1) t (2) <t:^|^B^^c^ToTt.at^U 

(1) ^?T^T*^S (2) S^iToTtMt^L. *^tHi 

(2) ^troTJb^e (1) «fT^T'ta<. (1) t 
(2) <«:^l5lBtlC?5ofc^. (1) m!4^^ToTt>at^ 
[00 3 1] (2) ICS LTl*¥3ifli:«4?«^t$lcK<b5^ 

t^:&3b^<tt^ilB-A''fe«o mmiz (1) iCiaUTti (2) <!: 

Tk^b-r^ciift-^^u. (2) mmicsmci:-oTiti:m 



iI03Jg^±tBffla^^to-e:<!:LTtt, (2) OSl (1) 
36\ (1) + (2) <D'4t (1) «J4^'<T5ci:!bW«L 

[0 0 3 2] ±IBa) (11) ©^ti^flsMft^T^U*— y-- 
ic J: t) aiSRltg^»T-«tllf15ITt,au*\ 5f $ L < ti 

[0 0 3 3] ±iB(^M)5i!tsasm. ^mwrn^^'commm^ 

tg<b^-S» >7k>§-;S=£fflLNfc<b^y -y =l^-¥>Hig^b^^ >* 

[0 0 3 4] ^^mi*um^mlt^«D&m^'^s^mr^ll 

t ««T'# « <fc 3 lca®a©:fe*t^^7LSIg t r « C t 

tcVimT-<Dm.mmii. a^aatcs^LTi om±T-* 
iI<D±[s^e^i!^^c^lJ|®^iftt^]b\ iisi ooo 
[0035] (3) &m 

WL. ¥^tt:^tii^L5^^b^^^!I^effie^^fflt^^^:<!: 
[0036] c 5 Lrc^mit^mt^mm^<Dmmi,zti l 

T>!&9Se^(7)«^3g^%l^^fi (interlocking group) 
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COOHSx OHS. SO3HS. -P(0)(0H)2S^fcf*-0P(0)(0H) 

tl^o feA^TtCOOHSs -P(0)(OH)2S$/cli-OP(0)(OH) 

U -^Z*^-^-? □ n - '^^S^JTJm-rs*^© <fc 3 
[0 0 3 71 J-XT. !S3t®l«:fflt^*»* Ll^igfiie^* 

(a) w^^smfe^ 




■?Aigf*feSR<!:LTt*x fiy^ffJl«lW#fF4927721^, 1^4 
684537^> |^5084365#. 1^5350644^. [^5463057-^. 
15)5525440^. #Ba¥7-249790^. !|tS^10-504512^. 
W 098/50393^. !}tPw^2000-26487^«: i: lCfBK©^{*fe 

[0 0 3 8] 5-6lJ:*:fiB^T'fflt^SjU7'^9Amfe^ 
liTIB-fiSiC ( I ) : 

(Ai)pRu(B-a)(B-b)(B-c) • • • (I) 

Lt^ -^it (I) tf. Ai(i1 
*/cli2]liroiHte^-*aU CU SCN. H2O. Br. U C 
N, NCO*iJ:t/SeCN. &Smc/3-v^'^ ->n.'>K 

fccfc v'"^ :t :^ A = -ym.oimmwis' sisi^mo'^mit 

nfciH{u^-6W$ Lt^o p«0~3CD^i)tT'fe'5o B-a. 
B-biJj;i;B-cli^ti^'n3435;lcTtaiCB-1~B-10 : 
[0 0 3 9] 

[fbil 



B-4 




B-5 



B-6 




COOH 




COOH 



B-S 



B-10 



[0 0 4 0] (fcfcU Rai**^I^^^Src«SlS»*S 

ti0?^i^?3a6~i 2<Dm.^^rci,tmMi^<DT>j-ju 



T't^S ^m^) ) lcj:y«5-tl 

[0041] ^m&m^w^m<o»^ Li^mi^m^txT 
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[0 04 21 



No. 


A. 


P 


B-a 


B-b 


B-e 




R-1 


SCN 


2 


B-1 


B-1 


— 


— 


R-2 


CN 


2 


B-1 


B-1 


- 


- 


R-3 


CI 


2 


B-1 


B-1 


— 


- 


R-4 


CN 


2 


B-7 


B-7 






R-5 


SCN 


2 


B-7 


B-7 






R-6 


SCN 


2 


B-1 


B-2 




H 


R-7 


SCN 


1 


B-1 


B-3 






R-8 


CI 


1 


B-1 


B-4 




H 


R-9 


1 


2 


B-1 


B-5 




H 


R-10 


SCN 


3 


B~8 








R-11 


ON 


3 


B-8 








R-12 


SCN 


1 


B-8 


B-2 




H 


R-13 




0 


B-1 


B-1 


B-1 







[0 04 5] 



[its] 
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HOOC 



^'^'^ _^COOH HOOC, 

H=k ^ — N 
N— In-N 11 ^COOH 




Pc-3 



HOOC, 

HOOC 
H3C 

HoC 



COOH 

H3C CH3 




COOH 





N— Ru-N Jl 

■ ,^v^COOH 

/ cx 

^ COOH 

H3C CH3 




Pc-4 



HOOC 





[0 0 4 61 (b) p<^>e^ 

85^. ItPwW1 1-8691 6-^. iftFw^T1 1-97725^. '^mm^ 
-158395^. iJtga^l 1-1 63378^. It ^¥11-214730^. 
i|tBII¥11-214731^. ltFiTWII-238905^. KfH!|t^8924 
1 1 ^fc cfe 1^1^91 1 841 ^<DSR«Jsi«tCiHIECD&^T'S «o 

[0047] ( 4 ) ^mwwwi-^oi^moimm 

a— 7^. x7'-:^'f7^3««««RltgT'fc«o 
iP7-249790 ^lCiaig;*-nTt^-5 <fe 3 lCl)DSft^-3!J 



)om (y^y-vk x^y-;k t-:^^y-;k ^>5>' 

f:!-- 3-y h + ->^Pt°:t-h'J;m) . "h 

1,3-i>>^;l/-r S^fV-Uv^y v^ 3-><^/U7r-+-9- 
X7.7^;U31 (K^xg^/k ffF^^^^l/ 
f?) V gl^xXT^yU^ (ge^v'x^^/k BgMX5^U>. 

x-7^;k h;ux>^) -^dtxsog^-jgii 

[0 0 4 81 &^o^i>s@M». ^nm^mwrnmrnm 

(Dmiiimmm (1m2) ^/tyo. 0 1~10 0mmo 
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it. ^mii■m^L^^ gmtcvo. o i~i oommo I (c) m.mf$W]m 

t\ C«DgMTW^«)S<b^!|4Hi^BS14^14«, ^jt=& [0 0 5 0] ( 1) JgitiM^igS 

;U*>^^S<DW®-;Stt»J6«Plf6n^o 095/18456^. !|tFw^^8-259543#. ffimik^. m65^. 

[0 0 4 91 *qa«(Dfe«ti. i!a««iI-¥><)nc;JE-^lCj: 11^, 923M (1997^) m\ZsB.mtEnTl^^id*J'J-0 

JiT'3t5?^e-ptD*WLt>o fe|g*i!5§Lfc^(c7'5 [005 1] ff$L<fflt^*s:<t:<OT*SiSiaigt LT 

>^,^fflt>T¥^i*?»if4^^0«®^5aSLTt<fcl^ » tis TIB— SSiC (Y-a) . (Y-b) SI? (Y-c) tOt^rtl 

<K'>lb;-;Ut:Uv'>^*^*lf6tl^c cne^^jSi* [0 0 5 2] 

©i^^li^O^^fflt^Ttcfet^L. W«|j§«Jt-;§«LT [<b6] 

I I N N 

"yi R,3 J, J, 

^ RyS Ry4 

(Y-a) (Y-b) (Y-c) 



[0 0 5 3] (Y-a) (iy^^tmm^'f■tmc 
5 xii 6 mm(o^mmt)'j':&y^mm l 3 ^i^.^a^s 

fo Qyil*Bl^Jl^s Tk^l^^^. M^H^^v ^^J^^^S 

U*ifiE*n^<D6^if$Lt\ Qyi. ic* UfiJfiK?n^ 5 
M^li. ^T'^z-ywis -rs^fy-yu 

[0 0 5 4] —66^ (Y-b) tp. ^y^^tmm^'¥■5^.^t^J 

[0 0 5 5] — ^iC (Y-a) . (Y-b) Slf (Y-c) tf>(75R 
y i~R y 6»*^*x^*i34illcg}ftX««H«<07';U+;l/ 



t-5j-'i^^yUS. K7^5/;US, 5=^h^T^-> 

ni(OTl\^'t-l\^m (»SL<tigt^Jl?ia2~2 4. H 

~1 8CD7';U+^USX«@E^Jg^-|i2~1 8a)7';U'!r- 
Jl/ST'SUx 1tlc»^ L<»Be^I^?ia2~6©7';U* 

[0 0 5 61 $rcx — flSit (Y-b) (f©Ryi~Ry4©-5 
■6 2 OJ.X±*^StSea*S LTA y 1 «#t,-?f SSfiSS^m 
fiELTt<l:<. — (Y-c) ifJCDRy i~Ry60D3-62 

[0 0 5 71 — aSiC (Y-a) . (Y-b) St/ (Y-c) (fiODQ 
yiSlfRyi~Ry6(±M8i»*«LTt^TtJ:<. 
Lt^S«i«0)fflJt LTli. /\oy>IS^^ (F. CU Br. I 
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(V3) 



^) . '>Ty&. T)\^0=l(-'yS h4^->». X h+-> [0 0 6 1 1 

A;U#x;U» (xh4^->A;U'1?x;l/S«) . be^xXx 
(xh+->*^l'*^-;l/:t=*^->SII) . T'iz/US (T' 

. T'^/^UJl'+i/* (T'-bh^^v/S. ^>^;''r;U:i-:<^ (Y2) 

(i?x^jl/*X<h-;US^) . 7*5 Kg (7'-b^;U7'5 

ys. 'oy-rjuzs/s^) . ^^uA^-rjua (n,n- 

[0 0 5 8] -flSiC (Y-a) . (Y-b) Xli (Y-c) Icj: 
yS*n«lb^%ll±. QyiXl±Ryi~Ry6^^>LT^S 

[0 0 5 9] ^n'=>(D':^mmt. m?4T-ffifflLTt.. 2 

/\a^yimi-f:t> (Cl-v Br-I?) . NSC-> BF4-. P 
F6-X CIO4-. (CF3S02)2N-. (CF3CF2S02)2N-. CF3SO3- 
CF3COO-. Ph4B-. (CF3S02)3C-^ti^^I?$Lt^^5IJ^LT^ <^6) 
tf e+l. (CF3S02)2N-Xl*BF4-T-S^<D«'J; L 

u„ sfc. L i I ;B:^:■^te£^)^•:7^^^•;f^l)p■r^^:<i:t,T' 
[0 0 6 0] *fgB^T'*?* L<fflt^^.n^J§l!6ig©m» 
fflJ*J-XTlcW**\ C:n6lCPgS*n-5*DVt7«% [0 0 6 2] 

l\ lit 8] 



(V4) 



(V5) 



O 



I 

C8H,7(n) 



o 



I 

Ci2Ha5(") 



N+ CH3 
I 

C4H»(n) 



or 



CH3 



N+ 
I 

CH2CN 



a 



N4- 

I 

C4H9(n) 



CH2CN 
X' 



Cr 



I 

C4H9(n) 



CCXJCgHs 



Y1-1 X=l 
Y1-2 X^BF4 
Y1-3 X=N(S02CF3)2 
Y1-4 X=PFe 

Y2-1 X=l 
Y2-2 X=BF4 
Y2-3 X=N(S02CF3)2 
Y2-4 X^PF© 

Y3-1 X=l 

Y3-2 X=BF4 

Y3-3 X=N(S02CF3)2 



Y4-1 X=l 

Y4-2 X=BF4 

Y4-3 X=N(S02CF3)2 



Y5-1 X=l 

Y5-2 Xr=BF4 

Y5-3 X=N(S02CF3)2 



Y6-1 X=l 

Y6-2 X=BF4 

Y6-3 X=N(S02CF3)2 
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(Y7) 



(Y8) 



Y7--1 X=l 
Y7-2 X=BF4 
Y7-3 X=N(S02CF3)2 
Y7-4 X^Br 

Y8-1 X=l 

Y8-2 X=BF4 

Y8-3 X=N(SO^F3)2 



(Y9) 



(Y10) 



CH3 



CH2=CH 



C4H9{n) 



(Y11) 



.CHa 
CH3 



Y9-1 X=l 

Y9-2 X=BF4 

Y9-3 X=N(S02CF3)2 

Y10-1 X=l 

Y10-2 X=BF4 

Y10-3 X=N(S02CF3)2 

Y11-1 X=l 
Y11-2 X=BF4 
Y11-3 X=N(S02CF3)2 



(Y12) 



.CH3 

N==( 
» ^ ■»- 

^ ^C6Hi3{n) 



Y12-1 X=l 
Y12-2 X=BF4 
Y12-3 X«N(S02CF3)2 



[0063] 



Mb 91 
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(Y13) . _ vi-* i ^ I 

X X Y13-1 X=l 

/=\ + + f==\ Y13-2 X=BF4 

(n)C4H9'''^>^'^^(CH2)6''^-^'^'"C4H,(n) X=N(S0aCF3)a 



(Y14) 




(Y15) 



(Y16) 



Y14-1 X=l 

^_ Y14-2 X=BF4 

N Y14-3 X=N(S02CF3)2 

CH3-"'^^'^-C4H9(n) 



Y15-1 X=l 
'C6Hi3{n) ^" Y15-2X=BF4 

Y15-3 X=N(S0aCFa)2 



X X Y16-1 X=l 

"^^^ Y16-3 X=N(S02CFji2 



(Y17) 

X" ^ X' Y17-1 )tl 

CHa-N"^^— (CH2)6^(^N-CH3 XrrBF4 

^"^^^ Y17-3 X=N(S02CF3)2 



[0 0 6 4] 
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CH3CH2— N— C4H9(n) 
CH2CH3 

CH2CH3 
CH3— N— (CHgCH^jaCHa 
CH2CH3 



(Y20) 



(CH2CH20)^H3 



CH3{OCH2CHd2— N— (CHzCHaOaCHa 
X" {CH2CH20)2CH3 



{V21) 



(y22) 



(i)C3H7— N— CH2CH3 
CH3 



CH2CH3 
CH3CH2— N— CH2CH2O 



CH2CH3 



(Y23) 



9 

<^H3 C4H9(n) 



Y18-1 X=l 
Y18-2 X=BF4 
Y18-3 X=N(S02CFa)2 
Y18-4 X=PF6 

Y19-1 X=l 
Y19-2 X=BF4 
Y19-3 X=N(S02CF3)2 



Y20-1 X=l 
Y20-2 X=BF4 
Y20-3 X=N(S02CFa)2 

YZI-i X=l 

Y21-2 X=BF4 

Y21-3 X=N(S02CF3)2 



Y22-1 X=l 
Y22-2 X=BF4 
Y22-3 X=N(S02CF3)2 

Y23-1 X=l 

Y23-2 X=BF4 

Y23-3 X=N(S02CF3)2 



(Y24) 



CH3 



Y24-1 X=l 

Y24-2 X=BF4 

Y24-3 X=N(S02CF3)2 



[0065] 



[fbl 1] 
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(Y25) 



C4H9(n) 
CH3 — P— C4H9(n) 
C4H9(n) 



^- Y25-1 X=! 
Y25-2 X=BF4 
Y26-3 X=N(S02CF3)2 



(Y26) 



O O 
CH3CH2(OCH2CH2)2 (CHgCHsPjaCHzCHa 



Y26-1 X=l 

Y26-2 X«BF4 
Y26-3 X=N(S02CF3)2 



(Y27) 



Y27-1 X=l 



'j* ^ Y27-2 X=BF4 

{CH2CH2P):^)CH2CH3 Y27-3 X=N(S02CF3)2 



(Y28) 



CH3 



CH3 



Y28-1 X=l 
Y28-2 X=BF4 
Y28-3 X=N(S02CF3)2 



[00 6 6] 
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(17) 
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(Y29) 



Y29-2 X=N{SOiCF3)2 



^/Et Y29-1 X=l 
N 

N N Y29-3 X=BF4 

Me Me Y29-4 X=PF6 



(Y30) 



Y3(>-2 X=N{SO/JF3)2 
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[0 0 6 8] ±iB5Siaffl®«Sti^ST";§14ttffiTS^ 

nmmvs}±mziiL'z 5 osfi%ix±r^^cD;bw^ l 

<. 9 0SM%iX±T»S<D3b^!tftc»*Lt\ *fc. « 
<7)3-5. 5 OSS%W±6^3'^^ffiT-S§C:<h3bWS L 

[0 0 6 9] ®»«3iaj«*!aica'i7^:&^iiDr^(7)*iWS 

tcS^LTO. 1 --2 0aa%Tfe^C03bW^L<. 0. 

5 5 na%i:&^(Dt)<^ lu\ 
[0 0 7 0] (2) mmyet 

LTtiLik NaU KU CsU Cal2) ^^'cO^SaOfb 

trus^nc^i^.a-^^v K. -< = 4^^ U'>/:.a-^v K35: 

^biRa^DSa^^^D-B- (a<b%Ii:LTiiLiBr. NaBr. KBr. C 
sBr. CaBr2^E(D^m^it^. fe^LMiT^ h^7')U4^yl/ 

Amyy'E-oixit^^commi^^^) m^t\ :7xp 



Y36-1 X^l 

Y36-2 X^N(S02CF3)2 
Y36-3 X;=BF4 

i/T' 37 X U e/T' VKS-^ >' X □ -t > - X 'J 

a-^<K\ -< = '$f\>'U'^/:.a-~^v K^c£4ifg7'>^ 

[0 0 7 1 ] <^f$LL^m^M}l)l^iO. 1MJ.X±15M 
i-XTTfeU. *6te4fS L<t±0. 2MiX±1 OMiXT 

ua'^^CDj^illDajS^O. 0 1MJ-X±0. SMiXTT'fe 

[0 0 7 21 m^Stc<^ffl-r^-^J®ti. *5lg3bM6< -C* 

7";k ^K'Jx^U'>^'ij=j-iUS>7';l/=t^;Ux-x;k <K 
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x-5^;u«, y-jjy-yk x-^y-^k x^^uv-i^'jzi 
-^u^yT-zu^^/i/x-T^yk :7Pkfu>'9'ji]-iU^y 
T'^U+^Ux-T^/k <K'J x5^ U>yj z]-;i/t y y'/l/+ 
;t/X-5=;k '1? y r a tf U> -^^U =1 -7U=E y T)V^l\yJ: 
-y'f\^1Siii(DT)l'Zl-)[,m. X^b>-9'jzi-;k 
euv-J^'Uzi-zk /1?'Jx5^U>'j7'Jzi-;k /Jfjyp 

P.. T'Hzh-h'Jyk yyU-S^ny- K'J;k ^ h=*^->7' 
•thxh'Jyk :/Ptf:txhU/k A^v^- hU;U%i:' 

[0 0 7 3] ^fc. *#6^Tt±. J. Am. Ceram. Soc, 
80, (12) 3157-3171 (1997) tufBS8*nTt''S J:^^te 

-^SD-r i.JS^<7)ff S Lt^SSKHl* 0 . 0 5 M Jil± 2 M 

to 0 7 4] (3) vi\^mmm 
^(D^^icjcy-y-VKb (@wb) ^^Tmrnr^zLfh 

T'^^o ?K'J^-^l)Dlcj:'jy;WbT^-a-^J^^l*. rpo 
lymer Electrolyte Reviews- 1 fcJ:D^2j (J. R. MacC 
allumtC. A. VincentOjt;^. ELSEVIERAPPLIED SCIENC 

E)ic§Be*n/i:<b^*si«««-rsj: t*^T*^A\ itic 

<K U T' -f'J p X h 'J ;k ;K U 7 y ^bex y 7=^> L 
< <f fflf e: <!:/rT-*i>o :t'<;U'y';UfbSiJ-^J]Dlc J; t» ^ 
;Mb*-a:^^^liJ. Chem. Soc. Japan, Ind. Chem. Se 
c. , 46, 779 (1943) x J. Am. Chem. Soc, 111, 5542 
(1989) , J. Chem. Soc, Chem. Commun., 1993, 39 
0. Angew. Chem. Int. Ed. Engl., 35, 1949 (1996) , 
Chem. Lett., 1996. 885. J. Chm. Soc. Chem. Commu 
n., 1997, 545lCiBS*ftrt>*{b^%|^fiira-r«Jli: 
3b>T-*^*\ Jf$LtMb^!Mt*»?*JI5t'l'lc7'= K;^jg 

^wr^-fb^wiTS^o 

[0 0 7 5] ^Tc. <K'JV-<^SI^StSlcJ:ym<SM=& 

7L\t. k^'ji^ym. -r 5 vy-;i/^. 'f'y9-)m. ^ 

dl'V-'J-lim. b>J7'J-im. kf^'J 
;k x;kt^>^xx5^;k K^P^-rH\ ■< 

[0 0 7 6] (4) miiMm^tn 



(a) W^?L^iStt*4 
*^^lC®fflpISg*««|iE?LlHai**»t LT«. J. Hag 
en et a!.. SyntheticMetal 89 (1997) 215-220. Natur 
e,Vol.395, 8 Oct. 1998, p583-58533 J:i;WO97/1061 
7. !|$gaBS59-194393^iiffi. !|tf«1¥5-234681^iilg. ^ 
aitfFm4,923.774^. 1#BI^4-308688^ii«. JKlHt 
1^^4,764,625^. !|tP^W3-269084^iilS. !t$rJ¥4-129 
271^iiS}. !|#F»a^4-175395^ii$B. !|tF»a¥4-264189# 
1#r»ll^-290851^4ilB. nm^A-364^S3^'A^. 
^tg3^5-25473^4ifB. #FJ¥5-239455^iilS. 
-320634^i;^IS. !^rw^¥6-1972^ii1^. !ttF,1¥7-1 38562 
*#Fja^7-252474^. !|$gB¥11-144773^lC^x*tl^ 
^SiST' 5 >S-¥>i|tB3¥l 1-149821. !|tBaJF11-148067. 
1tFJ¥11-176489l?{ciaK<0 h U 7 x X UVK^i*^^ 
L<rat'>^C<t:««T'*^o Adv. Mater. 199 

7, 9, No. 7, p557. Angew. Chem. Int. Ed. Engl. 199 
5, 34, No. 3, P303-307. JACS, Vol.120, No. 4, 1998, 
p664-672^lCiBIE5-nTt^«:t 'J zS=f-:fy:L >it^m. 
K. MurakoshI et al.. Chem. Lett. 1997, p471lC§BtE 
®?KUtfP— ;k rHandbook of Organic Conductive M 
olecules and Polymers Vol.1,2,3,4j (NALWA^. WILE 
mm lClBIES-nTt^^?j<'J7'-biFL^>te<t:tf^(7)il 

mw. ?Ky(p-7ixu» iB^zs=i(ommw. ?K'>Kp- 

^'iXUVlfxI^V) fcJ:tF^(7)§l^ft. /KU^XXU 

r^^tt'^T-^^o iE?L (<^-;U) lMjM*^*^lcliNatur 
e, Vol.395, 8 Oct. 1998, p583-585lCiaiE*nTL^^ J: 
5lc h U^yl/«a> i*p-;l/-rsfc«>lc h'JX 

(4-^P^37xXyU) 7'HX':7A'-^=^^+J--:7PP7'V^^ 
hcDJ:3^:tj^*>^->'*>l/«#Wr^<b^!fe^-^ 
UDLfcU. K{b*!si»i^t*:a®©<K7^>->-\'yU*J® (^F^ 
m?5M©lf<l) ^'n5tclst>\Zl\ [(CF3S02)2N]roJ:-5&ig 

[0077] (b) mmmn^mtin 
mmjEKmmttn t lt i*. p s}ii«Mb^!ta^ti©tt:*ffl 

ti. K=ti>->y6^2 e \/KJL±T'&^Z.tt)<»^L 
<. *SIC2. 5 e VJj(±T-««iI<!:*iWSLl,\ S 

fc. p SM^<b^%)¥^(*aD'r V'fb'i^x >-> -v 

•v;l/a)»* Lt^SiSH(±S%oT<^6\ -^tc4. 5e 
VJ.X±5. 5 e VWTT'feSc:«!:6W$L<. Z^-^IC 
4. 7eVJ.X±5. 3 eVWTT'fe^c: Lt^. 
»S Lt^ piaJ»«8<b^!|iiti#(*»*-ffi©ffl«^C-fb^%l 
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liCul, CuSCN, CulnSe2, Cu(ln,Ga)Se2, CuGaSe2, Cu 
20. CuS, Cu6aS2. CulnS2. CuAISe2^<!:*"^^tf 6tl^o 

iO. CoO. FeO. Bi203. Mo02s Cr203l¥^fflU^^ C i:*i^T' 

$ Lt^^-ZU^ifiSl* 1 0-4cm2/V • s e cfe<±1 
04cm2/V • s e cJ-XTTSU. ^SlcSfS L< (i 1 
0-3cm2/V • s e ciX±1 03cm2/V • s e cJ-X 
TT»«. ^fc. m?SiS2lg©»^ Lt^«^^« 1 0-8 
S/cmJ-Xil 02s/cmJ.XTT-fcU. T*-eiC»$L 
< S 1 0 -6/ c mJ.X± 1 0 S/ c mJ-XTT^^o 

[007 8] ( 5 ) mm^mmcomm 

[0 0 7 9] m^com-^. mm^mmcom^^ih^^yjmt 
[0 0 8 01 Mj!(.<om.m^m}micis^,^Tit 

[0 0 8 11 mw^n'pmwaymi (?h-/u) issw 

SPlc^Af S c: A^T'* So 

[0 0 8 21 (D) am 

SWiLTti. (gijxli'a^. iSx fflx T'ybS 

«F-yM^bxx. If) t-m^f e>*i^o zLOifpTtQ 
ffi. z^i/sx-^A. ^^^iz-i^ix^^jsHss 



m^ODJI* li!ttlcSiJBB*n^t^Ai\ 3 n m~ 1 0 /J mA^ 

»$L<tt5 pmWTT'^y. *6lc»^L<li1 On 
m~3 jumOlEHT'feSo S<t@Jl(DSffiJgSi(*<ai^^ci: 
l\ Lt^«®fflcfii©ISH<!: LTt± 5 0 O/DJ-XTT 
feUs *6lcJffS L<ti2 on/DlXTT-SSo 

[0 0 8 31 mm'&^nwttimaii^-rrLt'^—yj-srcit 

)1 ^ fc ti«ma)^<t;4Ss^^« L fc x * fc li y ^ x 

[0 0 8 41 nmit. m^^W}m±izm.mm^i^^m. 

;'«'y+^/c(*^s (pvD. cvD) r^t\ mmm^m 

^nit-com-^trnmiz. mztimt'^mBmm-^izit. m 

^S'j - Fmmiz^^Am^m<Dis,Tmitmm\t^ni^ 

[0 0 8 51 (E) ^<r>m<Dm 

^nwt^^m<omizmmiSii¥^mi^<r)mmm^Tm'jm 
tLTmmLTi5<zttm^L<. m^nmm^zm.'?' 

So T^yjl<!:LT»^ LC^(7)(±Ti02x Sn02. Fe203. W 
03. ZnO. Nb205T»y. *61C»$ L< ttTi02TfeSo 
Tay^li> <5iJ^l#Electrochirai. Acta 40, 643-652(1 
995) icIBig* tlTt^SXy U-/ N°-r P ij i/X;£(Dfte. 7. 
/^•y^^^ltJ:UaiS-rSE:<t)ti«T'*So T^UBtDiif 
$Lt^MJi:i*5~1 0 0 0 nmJ^TT'Sy, lO'-SO 

[0 0 8 61 $fc. ^fiii: LTf'PfflTS^mi43E}ti*<t: 
«:^(D-:^*fcl*i^*0!)rtgP*St^ttirl>ffliJSffiH:. «S 

as. BA^Jf^^t*l?«fflt^s^:^:««■^#s, 

[0 0 8 7] (F) 3t®^J$^?<DrtgP^iitODMWJ 

«i^^JK^6MS6T»So 2-^^e«^tn^^s is^s 

Jb'iqlt^T-SSo l2l2~(19lc*fgB^lc»^ LOfflT-^- 
SJtm^gS!^? WrtSWijg* CT.T.-r So 

[0 0 8 8] m2it. mmmmm^oatmmnmmmmA 
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EI3li. llB^S«550a±lC— ai&Jl'J-Kll^lSlt. ? 

'J- KIHIiJ^rtilincLTgHBLfctiDT'feU. S^MJA^ 
— gP&M'J-Kll^^lt. -i-eiCjie^igmjllOa (Sfc 
<!:m^igi!)J130<!:^i>a*-t+/ct,WT-Sy. iE5ffi*^63t 

it^Kmr^mm.T'3o^o neti. ^^s«i50a±(c^^ 

«l;^10a. T^UMeo. ^3tJ120. m^^Wimiois^ 
m^AOa^mf. iI©±lt>lBflS*550a^lB«Lfct>© 

mmwmAoa^Siif. z:(D±izm^mi&5oa^^mLrz'L 
if. z.(o±^z—^mmmmmAo^rc^i&m'J-^''^^^m 

fine 'J - K^^r- LTgS!;^tl^i^gP(Hlffig«!:l*ii«l(Dt. 

a)Tai.\ :$imm^m^t^m^^±v^Mmizmmr^ 



tlTfcU. *5IB^aDfe»ig^SJmm5ftt15fflaB*)-^^5 

^mviT^^o mt^mzit. <i^mw-n-M57izmm(Dm 

[0 0 8 9] 

[Hfisfiij] i-yLTizmwm^&if> *5§B^^;^etcpL< 

[0 0 9 0] J-XTv *^0^^llfi6«yi::J:oTatt:MtcL1 

1-1. -M{b^^>ffi^5Jlif;S1 (DPS 

^^>7^ h-7'ry:?'P<t<+-9--f Kl 4 2. Ig,*:. hU 

x^y-yUT'avi 4 9. 2gt*. K^'T^K-y ■J^xt*' 

•;/'5'7.J:t)aXt)aiU ^S7j<^l)D:iT^§ 1 0 0 0ml 
tfeSctdJcfglRU SiiStLfco it-;g1 0 0m I i:. 
S5®2klcBt^2 . 8 5ml LT 1 0 O m I <!: Lfc 

t<7)^il^Lfco S&i*§fllCT1 0 0°C7-2 4BtP^ftQflft 
U afe©'5^';U«!KBi:L/c». iSS^ 1 4 0°Cli:±^* 
S-61C7 28#HJ!lPf»Lfc„ ^SlCJftiPLrc^. ±S 

07j<0<J?'JX^U>-i/"J=I-/H . Og^lJDA. ;1 

i^i^T' 2 0 5J P^)g,« L. MSag 1 2 -K<b5^ ^ > 
»IS*!D^i#s ^^SS-;S1 tL/co 5JiS-/K Hc#$ ti^-K 
•fb^^'S' >1&^<DW-i^mmim 1 e n mT» y . 1 0 n m 

[009 1] 1-2. -BKb^^>*S^»»jS2(:^u 

9— Ay)<011K 
^^vf y:?^p?K+->K4. 5m nc 1 mo 1/ I ifiK 

■M)^^ 2 5ml -^J]D LSSlCTJti^-r }f «J 1 ~ 3 B$ 
L/iB$,-ST% £1 tDSJS 4 m I ^-Mit^ >a?5^tjf 
%|1(D1 5. 5glJ:^l)DU -^fb5^^J >»*i?-5Jfi4>S2 

/Co 

[0 0 9 2] 2. fe^^qSSLfc-^fb^-S'VSIfiitDf^ 

y -ym^ K- r LfcK^bX =1 - X -r > Lfc ilB^Si 
mi4«"^X (B*«5S?ia. aSlgJn;!**?) 1 OO/D) 
a)5?liSffliJtc±IB5JiijS 1 S fct* 2 ^TiB©#*f*TT 
^iS • H&mu ^JS^<b%«»l5?/)^6*S¥«(*:^?L« 

sii^sjfigLfco t^-rn<DS^t-^<b^^>tDMffis 

[0 0 9 31 2-1. ffiffiA(Jt«ie>J)<Of^© 
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10 0 9 4] 2-2. m«iB(*SgRa)<^f^S 

«»)S2:& K-? b- FT1 0 0 MnK^ff^^afli 
U 2 5"'CT'4 0«F^|£<tLfc*v 2 5°CCDllHmT. 

+-b/>^>:/^fflt\ ^gsaiciafi4 0 0 n mi:iT 
c>^^!^^ 3 0 ^rsmm ltc. ^ro^ r - i &^o>§5S 

(|'T- 3 »F^i)D©is3itr ^ s: t T^m^Ukmt^^rc. z. n 

2-3. m;SC(*fgB^)cDf^S 

«gi{-;g1 ^ K-?^-:?'U- KT l 0 0 MnKDJP^^T'Mfli 

U 2 5°CT-4 0»F^|gJ*Lfc^v 1 5 0°C(D* y h:^ 

0 0 n mi:iT. 3 0 mW/ c m2(0-^^mi^ 3 OH 

fimmv.rco iimt.fk9^mmM^w^\m-7mi. r-i 

fe«0!)?gj« (ft* 3 X 1 o-4^;U/U -y h;k j§<S : x 
2-4. nSD(*SgRS)©f^il 

U 2 5XTA0HFSnt^Ltc^. 0. 0 4MPa©M 
ffT. 2 5 O'CtD'l^-y h^U- h±T^3 O^J^Mffv fiO 
fgiLfc, ^(D^R- 1 fe^<7)-;§jg (felg3 X 1 0-4^;U 

/u-yi-;k : x^y-;u) fpT-sHrsmmmm.t 

€^ K -27-51 -:? U'- KT'I 0 0 Mm^JH^T-^flJ 
U 2 5°CT4 0iJ^|£JtLfdS. S#ii-!!i*PT-3 05J 
S#^«i*BB|^Ufco ^<7>^R-1fem<DjgJS (fe^3 
X 1 o-4^;U/"J-v h;k SSg : x^y-;U) (f"T-3^ 

2-6. ^ffiF(*5gR«)0ftili 

^ifiSl «^ K-i?^-:? !^- KT'1 0 0 ijm<Dm^TM^ 

U 2 5°CT'4 0iJF^S£J*Lfc«. 1 5 0°C<7)?t-x y h:^ 

0 0 n mJ-XTx 3S« 3 0 m W/ c m2cD^^?(.Jg;& 3 0 5^ 

1 55^F^^Tofc. ^OD^. R - 1 fe^rojgiffi (fem3x 
1 0-4^/1// U y SSii: x-Siy-^U) fT3«Fa 

Lfc, 

2-7. ^fiiG(*l6B^)roftii 



[0 0 9 5] 3. mmnmm<DBmt3<t:zf%m^(Di^m 

m2^Tf^iaL/cffi®*2 6mmx 1 8mmG):^**lC 
aifrU tf'DgPl 4mmxi 4mmft*^U "ffi^b^ 

\^~ym(Oyiy-L,mx^-V— Ojum) 

T% *ffl55fp)lcSS^^ffl<D5RSSgPTS^'ll4mm:£55Sti: 

^'^ai LTfite^to-Brfco (E 1 0 #8S) 

[0 0 9 6] §3tgBT-S^Ti02jSB^a^»t5<7)®^SL 
Tifefls:^x,1f4=^-><SBg3S«^JTv'-;l/Lfc„ 

2 : 15:35:1 (H«it) ) ^8 0°C(CTL 
<fe3(cLT. aHC5^-r5t«7te1 0 1 ~1 0 7^^fiEL 
[0 0 9 7] 

lit^ 4] 





© 



BF4- 



r 

CaHs 



[0 0 9 8] 3-2. lEKmmmmmt^mimmiL 
mm Ltcmm<o&m^mm-s^^rz-mit'f-^ yiet^f-mf^ 

n^^'ij'^ (1 4mm X 1 4mm^) J-X^H-^iSSLfc 

1 0 OXiz'^mLtct^-y hyu- h(cS-fe!:T25JF^ 
ttMLfco *<DS> K-CuKOT'-b hXhU;k;§5S (3. 
2Mm«) 0. 2m\^A O^mmtHfT. T'-trhXh 

>iB^ffifiiS*6Wffi^5$LT^f*^x*+v'^Sgg«giJT- 
->-;ULfc, iI<7)J:5JcLTSl Ic^^vfat^ife 2 O 1 ~ 
2 0 3«ftiaLfc„ 
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[0 0 9 9] 
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A(350X:i)Otft) 
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0.7 
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B<DV+7''l/) 




5.1 


2.4 


103 


C(UV+150'^) 




7,0 


2.7 


104 i^^m) 


D(^ff +260*C) 




6.7 


1 .7 


105 {:^mM) 




ummm 


6.4 


1 .4 


106 


P(UV+150"C) 




8.2 


3.0 


107 


G(UV+150*C+7"l/) 




8.0 


3.2 












201 iitrnm) 








0.3 


202 (;t:^^) 


F(UV+150"C) 






1.1 


203 (:^^m) 








0.8 



[0 10 0] 4. jt^s^sa^roas^ 

5 0 0W(7)+-try>^>^ ('y-y^m) (D^^^^y^ 
iV'Si- (Or i e IttiSAMI. 5 G) ^MT^tlC^ 

yS^*KI?tt««^*-B:rc„ c:a)3ta53S^iii oomw 
m& Lfco !ftm.mm^m ( n ) *a i t^^tHK urc, 

[0101] 5. DS«fe^«tDi!l^ 
'r:i->lwjilJl=£ISltfc3tmite1 0 1 ~1 0 7lcoC^T 

[0 1 0 2] aicfeUx Jt^^-f^tDi 0 1 i*fe^qs« 

fit. 3tSa^3aSt>fiiSffilc^at^Ci:6^^^6^^o 1 0 1 
ictfc^LT. *l8B^©:^^lCT^ffi^5aSLfcitm}fe1 
0 2~i 0 7^i^,^■rt^t>. < . 

!t$(^. m9\-9tmmtiiamt^mmLtc<i>(o (103. 1 

0 6, 1 0 7) iy^^mmm. ^mm^^mt't^izmnT 

icfct^Tiis m^m 1 0 3 (u \/^mmtmm^\s\mc 
mT) tmmm 1 0 6 (dq^iti^t) ^tmr^ m 
mm^ 0 6a)«icu vBB|^^s^7L/c^. tmLtcm-^ 

|g7j<<bL. ^tDt^^!b>fe^i!ft^lJ:^fiJT-fet), liable J: 
Tt>5«!:Slton^. Sfc, HBSfiyi 0 6<!:1 0 7 troth 

[0 10 3] mm^mmte^iEiimminT'^^i^-^ (2 

0 1 ~2 0 3) Ttl^:^©fli[Rllc:»5„ -Tfirfe-S. 3 5 
0•C^DlJai4©3^TM^LrcfSffi^«t^n:tfc«3t^>te (2 



0 1) \zit^^ *i8P^<3D:fir^icTSffi^5asLn:j^m>ft 

2 0 2, 2 0 3 ^it^■rtlt>. T^mS^SlJai^tigL^cli:;?^ 
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